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General Introduction 
Since the discovery of the rubber-like protein resilin by 
Weis - Fogh (1960) it has become necessary to xamine. the 
H 	development and location of this special cuticle before any. 
attempt is made to describe flight in general. In a rapidly 
oscillating system like the pterothorax of an insect it is 
essential to economize on energy expenditure and this is made 
possible by the elasticity of the cuticle and muscle (Jensen and 
Wets Fógh, 196 4; Weis-Fogh, 1960). 	The efficiency is 
increased by the rubber-like cuticle which is now known to form 
part of the pterothorax of the locust and other insects. 
Andersen and Wis - Fàgh (1964) have shown that the thorax of 
H 	a locust has an elastic efficiency of about 86 per cent with only 
l'+ per cent of the total energy being lost as heat during a 
normal wing cycle. The resilin hinges, however, have an 
efficiency of 97 per cent. 
Resilin is capable of being stretched to nearly three times 
its original length and yet is capable of perfect recovery to 
its original length when released • This high degree of recovery 
is still seen several months after the tissue has been removed 
from the insect (Andersen and Weis - Fogh, 1964). A brief 
description has already been given by the same authors as to the 
distribution of resilin in a few of the insect groups. However, 
many aspects of the distribution, function and physiology of zesilin 
remain unknown. 
Secondly, there are various descriptions that deal 
Vi 
with the attachment of muscle to the scierotized cuticle in 
different insect groups (see, for instance, Auber, 1963; 
Bouligand, 1962; Caveney, 1969; Lai - Fook, 1967; Shafiq, 1963). 
However, little is known about the attachment of muscle to rubber-
like cuticle. If resilin forms part of the pterothorax of an 
insect to which either the direct or indirect muscles are attached, 
then such a muscle cuticle association is likely to be different 
both in its ultrastructural features and in its physical properties 
during flight, due to the unique characteristics of the resilin. 
It has also been suggested by Neville (1965) that the 
resilin ligaments present in the wing hinges of an insect may act 
as shock absorbers and avoid both friction and abrasion and are 
thus analogous to the cartilagenous pads seen between two bones 
in a vertebrate. 
The type of cuticle found at the wing base and the 
scierites to which the direct wing muscles are attached may be 
important in the refined flight associated with the higher insects 
like the Dipterans. 
The flight ability of insects, especially of Diptera, 
changes with age (Chadwick, 1953; Tribe, 1966), biat by and large 
only biochemical changes have been taken into consideration to 
explain these changes. Very little has been done to relate and. 
link the observed changes in flight pattern with structural changes 
in, for instance, the cuticle and its associated epithelium after 
adult emergence. 
The deposition of the scierotized cuticle has been 
Vii 
extensively studied (Locke, 1964, 1966) but there have been 0e4y- 
tqb3 
studies on the rubber-like cuticle (Neville, 1967; Weis - 
Fogh, 1970). 
Finally, hormonal control of cuticle synthesis and 
especially of the rubber-like cuticle has received little attention. 
Neville (1967) while working on the factors affecting the 
tertiary structure of resilin in locusts did suggest a number 
of environmental factors particularly of temperature and dark-
light regime which might affect the realization of the ultimate 
structure. In this study he also recognized a metabolic control 
of resilin deposition. He found a difference in the intensity 
of fluorescence of resilin deposited both before and after a 
moult, the former being less fluorescSxt. He thought that 
some hormonally triggered factor operating at the time of adult 
emergence might account for these changes. 
In the present work the various aspects considered above 
have been studied to relate structural changes with the already 
observed physical changes in the flight pattern of the Dipteran, 
Calliphora erythrocephala. This thesis also deals with two other 
aspects: 
The distribution of resilin in three different Dipterans 
which are thought to possess varying powers of fl 9 (blow-fly, 
hover-fly and the Tipulid) . The ultrastructure of the rubber-
like cuticle with its associated epithelium is compared and 
contrasted with the sclerotized cuticle-epithelium assooiationo 
In the second part, the development of the resilin is 
viii 
considered both in the normal and under experimental conditions. 
In addition an attempt has been made to establish the 
influence of hormones on the ultimate structure of resilin tendon- 
muscle association. 
Chapter 1 
MesothoraOic Skeleton and direct wing muscle supply in the Diptera. 
Introduction 
This study describes the mesothorex to show the distribution 
of resilin in relation to the skeleton and muscles in three 
different flies (tipulidae, Syrphidae and Cafliphoridae) with 
different flying ability. The Syrphids, which belong to the 
Aschiza, and the Cal].iphorids (Schisophora) are all very strong 
fliers with great powers of manosuverebility and speed of flight. 
The Calliphorids and some Syrphids are also able to fold their 
wings back over the body while at rest. The Tipulids on the 
other hand are helicopter like nematoceranl with long legs and 
long narrow wings. These are incapable of folding their wings 
and have them spread out at 'eS° to the long axis of the body even 
at rest. Their general mode of flight lacks the speed and 
manoeuverability that is associated with flight in the higher 
Dipterans. 
In all the Pipterans examined, parts of the mesothoracic 
skelàton, especially the scierites at the base of the wing, 
contain the protein resilin (Weis - Fogh, 1960). Some of the 
direct wing muscles era inserted on to the skeletal parts by 
means of the elastic tendons. Resilin when present, either as 
pure resilin or in combination with chitin, forms an important 
elastic material capable of undergoing great deformation and 
recovery; it acts as a spring capable of storing part of the 
energy produced during wing movement and delivering it at another 
2. 
part of the wing cycle (Jensen and Wets - Fogh, 1962). Hence 
any interpretation of the mechanism of flight must take into 
consideration the distribution of the elastic structures 
associated with the flight machinery. 
As far as is known no single named Dipteran has been 
considered and described fully to show the distribution of resilin 
in relation to the skeletal parts and/or the muscles. Hence 
it is most appropriate to examine this aspect of the mesothorax 
in the blow-fly Calliphora - erythrocephala,which represents 
a more specialized member of the order Diptera and which may 
show the maximum specialization of the structure. This condition 
is then compared with a Tipulid which possesses limited powers 
of flight and a Syrphid which is chiefly specialized for 
hovering flight. 
Materials and methods. 
The isesothoracic skeleton and musculature was initially 
examined under the binocular microscope according to the method 
used by Weis - Togh (1960) and Andersen and Weis - Fogh (1064). 
The fly was killed in hot buffered water (pH 6.5-7) and each 
half of the thorax, with its indirect wing muscles removed was 
stained in a mixture of sag of toluidine blue and 5mg of light 
green in 100*1 of dilute phosphate buffer (t4/20 0 pH-7) for 
about 24 hours. However, this method was found to be unsuitable, 
for both the elastic cuticle (resilin) and the mixed cuticle 
stained green to green-blue, and no differential staining of 
3. 
resilin was evident. 
A new method was developed which selectively stained 
resilin permanently and is quicker than that previously used 
(Web - Fogh, 1960; Andersen and Weis - Fogh, tan). In this 
method the fly was etherised, split sagitally and fixed in 70% 
alcohol for about 24 hours. After removing the indirect wing 
muscles, the half thoraces were stained for 1 - 2 hours, in a 
solution of 0.10% methylene blue in 70% alcohol. This stain 
will be referred to as (m.b.) in this study. The stained 
thoraces were differentiated j70% alcohol until the blue 
colour just disappeared from the muscles leaving: 
1. The soft cuticle stained a sapphire blue. 
2 • The transitional cuticle stained green to green-blue. 
3, The selerotised cuticle unstained, when examined in 
the light microscope. 
As with most biological material it was found that results 
obtained by overstairsing followed by differentiation were far 
more reliable than simple staining. 
After the initial identification of the elastic cuticle, 
other tests described by Andersen and Eais - Fogh (196*0 were 
carried out for confirmation. The intensity of fluorescence 
of the rubbery cuticle was studied both in stained and unstained 
material. Resilin contains two distinct amino-acids (Andersen, 
1963) which make it self-f luoreece bright blue when viewed in 
U-V light. For this purpose a Nikon fluorescence microscope 
model S was used with an ultra violet excitation filter but 
'4.. 
without any barrier filter. The bright blue colour was found 
to coincide with regions stained blue with m. b. Transitional 
cuticle, which stains blue-green, did not show the bright blue 
fluorescence typical of resi].in (Andersen and Wets -.Fogh, 1961$). 
Since the parts that fluoresce also stain a sapphire blue 
it is reasonable to assume that particular regions are in fact 
made up of resilin. A few of the other tests as suggested by 
Andersen and Wets - Fogh (196e) were also carried out before 
final identification. 
Some of the test pieces were placed in 70% alcohol, in 
which it was found to retain its rubbery nature, but on further 
dehydration in 100% alcohol, it lost its elasticity, became 
brittle and broke into pieces leaving sharp edges and showing. 
canchoidal surfaces of fracture which fitted exactly together 
when reassembled. An the broken pieces regained their 
elasticity when rehydrated. 
Finally its solubility in acid or alkali was tested with 
0,1 N HClat 600C for S - 6 hours, and concentrated NaOII at 
60°C for 2 - $ hours. At the end of these hydrolyses, the 
resilin portion was removed leaving behind the intact salerotized 
cuticle. 
The movement of the wing and its wing beat frequency may 
be observed with stroboscopic illumination, and this technique 
was employed to examine the function of some of the scierites 
and direct wing muscles. The fly with a particular solerite 
S.. 
and/or muscle removed was attached to a fine wire by warmed 
plasticine on its sesosoutum • The wire was usually oriented 
to point back over the abdomen • Care was taken not to cause 
any other damage to the animal and to prevent the legs from 
touching the body • A continuous and steady stream of air 
was blown over the fly by means of a hairdrier. The flies flew 
spontaneously on recovery from anaesthetic. The movement on 
the operated side was compared with that on the unoperated side 
to see the function of the structure in question. 
Drawings were made from material in a 1:1 mixture of 
glycerine in 70% alcohol direct from the binocular microscope. 
By this means it was possible to trace the course of muscles, 
especially of the smaller muscles., to distinguish between one 
selerite and another, and to find their points of articulation. 
Dissections from other aspects were also made, both of 
stained and unstained material, to study the origin and insertion 
of individual muscles, and the relation between the smaller 
selerites beneath the wing base. 
The Mesothoracic skeleton of the blow-fly, Calliphor! erythrocephala. 
The mesothorax of the blow-fly is the largest region of the 
tagma. Its large sin is associated with the elaborate development 
of the internal muscles, especially the indirect fibrillar flight 
muscles (Pringle, 1957). These phasic muscles provide the power 
necessary for flight. In addition within the mesothorax are the 
direct, relatively slow tonic muscles, some with resilin tendons, 
6. 
which control and modify the pattern of the wing movements. The 
wings are joined to the mesothorax by a membranous cuticle, which 
is continuous with the notum. 
This membrane of the wing base contains important scerLtes, 
some composed of the elastic cuticle resilin, connecting the 
wing with other scierites or with the direct wing muscles. The 
wing stroke is controlled by these ecleritos during flight. 
From the scutwa, the dorsal region of the thorax, three 
important processes are given off to the root of the wing: 
The anterior natal wing process (ANWP),which supports 
the distal process of the first axiflary solorites 
not indicated in figures. 
The posterior natal wing process (P14W?), which Supports 
the venal region of the wing and otters a broad surface 
within the thorax for the attachment of the second 
group of flexor muscles (eptpleural muscles of PNWP, 
fig. 5). 
S. The scutellar lever, which extends from the scutellum 
to the wing base and carries ventrally the P14W? (fig. to). 
These three processes form important articular surfaces 
or hinges and were thus examined for the presence of resilin. 
The scutellar lever and AIIWP stained blue-green especially towards 
their wing base. However, those sc]erites did not show any 
fluorescence. 
The pleural region of the masothorax, namely the epimeron 
7.. 
and the epieternum, give rise to seleritea beneath the wing base 
on which important pleural muscles of the wing are inserted. 
The episternum in the blow-fly may be further divided into an 
upper anepisternusz and a lower katepisternum exactly as described 
by Ross and Ferris (1939) for the nomatoceran tiputa rnsi 
Alexander. From the anepisternal region two distinct selerites 
arise, namely the basalare I and Li (fig. U. 
The basalare I varies in width from its point of origin 
to its point of insertion upon the head of the radial vein 
(fig. 1), and also in Its amount of sciarotization. The and 
of the eclerita towards the radial vein is capped by a triangular 
piece of resilin, which in turn articulates with the resilin 
pad found within the cavity of the radial vein (fig. 3.) • The 
basalare I is joined internally by a short articular ligament 
to a heavily scierotized basalare apodorne (fig. )j 
The basalax'e II is a triangular selerite arising from the 
posterior and of the anepisternum anterior to the basalars I. 
The base of the triangle which is towards the radial vein is 
provided with a band of rosilin. This band of resilin along 
with the resilin cap of the hasalare I articulates with the 
reaflin pad of the radial vein (fig. 1). 
The end of this eclorite is somewhat like a bell which comes 
to lie within the socket of the radial vein when the wing is 
depressed, but which is dislocated when the wing is raised. 
In addition to these basalerts, two other sclerites, dorsal 
S. 
specializations of the episternuw, may be seen in the nesothorax 
of the blow-fly. These scierites have neither connection with 
the basalars muscles nor with the humeral angle of the wing as 
the basalares do. These processes are in this study referred to 
as episternal processes X and II, following the description of 
Ritter (1911) (fig. 1). The pleurotergal muscle I with the 
largest piece of resilin tendon lies partly Under the episternal 
process I. 
The mono-epicieron i.e. the region posterior to the pleural 
wing process of the blow-fly may also be divided into an upper 
spirneron and a lower katepimeron according to the description 
of Rees and Ferris (1989). In the blow-fly a single subalare 
scleritt (fig. 1) is differentiated from the upper opiasron of 
the pleuron. It is nearly triangular in shape, heavily 
salerotized towards its base and lies partly over the pleural 
wing process. Posteriorly the subalars has a rosilin cap 
(fig. 1) which articulates with the junction anterior to the 
PNWP and the 4th Axillary salerite. In this region of the wing 
base, these three solerites fan a complex 3unction. (not indicated 
In diagram) • The apodeme from the PNWP project.s into the cavity 
of the thorax and farms an important additional surface for the 
attachment of the second group of flexor muscles (Epipleuni 
muscle of P14W?, fig. 5) as in the horse-fly (Bonhag, 1949). 
The axiflary membrane of the thorax carries the four 
axillary nitrites • Of these all except the second carry one 
9,. 
or more muscles. The first axiflary scierite is the anterior 
hinge plate of the wing base and beers four large process.; 
(fig. 'e). The two proximal processes are less sclerotized and 
stain blue-green with m..b., especially along their edge by which. 
they hinge on to the .scutellar lever. One of the processes 
(duplicatus of Ritter 1911) passes into the cavity of the thorax, 
where it receives two long flexible tendons from the epipleural 
muscles of Axiflary I (fig. Ii). The two distal processes are 
heavily sclerotized, the anterior of these (Rostrat process 
of Ritter) is hinged to the MW? of the ruesoscutum. The posterior 
of the distal processes (anatis of Ritter), meets the third 
axillary colette. The body of the solerite articulates 
laterally by concave end with, the second axiflary aclerite. 
The second axillary cc lerite is the most heavily 
scierotized of the axillary selerites, extending from the dorsal 
to the ventral membrane, where it meets the pleural wing process 
(fig. 1). 
The third and fourth axillary selerite together fans the 
posterior hinge plate. The first group of flexor muscles 
(epipleural muscle of axillary In) is inserted by a long stout 
flexible tendon on to the third axillary selerite (fig. 5). The 
fourth axillary sclerite receives only one of the second group 
of flexor muscles (epipleural muscle of axillery IV) (fig. e). 
It is a small oclerite and located between the third axillary 
aclarite and the PNW?, and probably is a detached piece of the 
10. 
P1W? itself (Bonhag, 1949). The fourth eclerite is the least 
solerotized and parts of it and the margins of the third eclorite 
an composed of the transitional type of cuticle.. The region 
between adjacent solerites and the points of attachment of the 
,eziflary muscles on the salaritas themselves are also less 
soltrotited and composed of the transitional type of cuticle. 
Mesothoracic muscles of the blow-fly 
A number of muscles are inserted directly on to the 
sclerites of the wing base or on those solerites in close 
association with the wing base. These are the direct wing 
muscles and are responsible for controlling the wing stroke. 
A summary of the distribution of the muscles is given in (Table 
X: A,3) and illustrated in figs. 1 14,5. Of these direct wing 
masothoracic muscles, only three pairs are provided with resilin 
tendons (figs. l,4 9 5). 
The pleurotorgal muscle I in Calliphora is very large and 
is fan shaped (figs. 1 95). It originates from the region of 
the episternum and is inserted on a triangular process of the 
proscutallar ridge. The individual muscle fibres, corresponding 
to the ribs of the fan, are spread out towards the axiflary 
region of the wing, over the inner surfaces of the epietsr'nal 
process I and battlers I (fig. 1). The muscle fibres join on 
to a large tongue-shaped resi2in tendon. The latter narrows, 
down markedly into a flexible tendon before being inserted on to 
the prescutellar ridge (fig. 5). 
U. 
The first group of flexor muscles (epipleural muscle of 
Axillary) inserted on to the third Axillary eclerite consists 
of three branches • The first of these branches originates from 
the episternum i.e. from the horizontal episternal ridge, 
posterior to the origin of the epipleural muscle of axillary I 
(figs. 4,5). It is a Jong and broad muscle, the flexible 
tendon of which crosses over to the region of the anepimeron 
i.e. to the posterior region of the pleural wing process below 
(lateral) the mesofurcal ridge. 
The second branch is triangular in shape and is the 
largest of this group of flexor muscles. Its basal origin 
is on the anepimeron, lateral to the origin of the very large 
epipleural muscle of axiflary. IV along the posterior groove 
formed by the mesofurcal ridge (figs. 4,5). Its apex is where 
the individual muscle fibres join on to the resflin tendon, 
before the latter joins the common flexibiG tendon of the 
epipleural muscle of the third exillary sclerite. This resilin 
tendon is the second largest cleatta tendon present in the. 
mesothorax of the blow-fly and is cylindrical in shape (fig. 6). 
The small third branch originates from the region of the 
enepimeron., anterior to the origin of the second branch of the 
epipleural muscle of the axiflery I. (figs. 4,S). 
The second group of flexor muscles (epipleural muscle of 
PNWP and axillary IV) similarly consists of four branches. 
Three of these branches units by means of a short stout resilin 
12. 
tendon (fig. 5) before being inserted on to the PNWP. The 
remaining branch Is comparatively large and is inserted by a 
very short resilin tendon onto the fourth axillary salerite 
as the epipleural muscle of axiliary IV, as in the horse-fly 
(Sonhag, 1949). 
MesotboracIc skeleton and direct wing muscle supply in a Syrphid 
- Syrphus ribssii. 
A number of Syrphid flies were examined and most of them 
showed a common pattern of their skeletal anatomy and distribution 
of the direct wing muscles. In this study Syrphus ribesii is 
selected because of its large site. 
Mesothoracic Skeleton 
The sesothoracic skeleton and the muscle supply in the 
hover-fly is similar to that of the blow-fly, but with 
considerable differences in the distribution of resilin. A 
large portion of the nesothorax, especially the epiasron and 
the anterior hinge plate including the lever, either wholly or 
partly stain blue to blue-green with mob* These regions, however 
do not fluoresce brightly in U-V light as does pure re.ilin. 
The morphology of the scutellar region is very similar to 
that in the blow-fly. However, a greater part of the AIJWP and 
the scutellar lever especially their ends towards the wing base, 
stain blue with sb., but do not fluoresce as brightly as does 
pure resilin in U-V light. The P1W? on the other hand is very 
heavily solerotised and sore or less detached from the scutellar 
I' 
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lever. It is olub-shaped $ long and narrow towards the layer 
but broad at the opposite end, where it masts the fourth 
.axillary scicite. An apodese is given off from this junction 
Into the cavity of the thorax, as in the blow-fly (fig. 5). 
This apodese in Syrphus ribesii is very much expanded and 
prolonged at one and into a thin rod-like structure, on to which 
the second group of flexor muscles (epipleural muscle of PWWP, 
fig. 1) are inserted. The fourth ninety scierite thus forms 
a distinct and separate solerite unlike its counterpart in the 
blow-fly. 
The nsopleural structures, both anterior and posterior 
to the pleural wing process are essentially the same as in 
Calliphora, but with marked differences in also and shape of 
the individual components ( fig • 2)o Then are also marked 
differences in the amount of sclerotisation. The region of 
the anepisternus between the pleural wing process and the 
basalare salerites, including the distal half of the pleural wing 
process, stain blue with a.b., but do not fluoresce in U-V light 
with the same intensity as does pure resilin (fig. 2 indicated 
by short lines). 
fl.sothoracic muscles 
The distribution of the direct wing muscle supply in the 
hover-fly is summarised in Table It • It follows more or less 
the same pattern as seen in Calliphora erythrocephp]a, with 
certain differences especially in the amount of resilin present. 
140 
These differences are considered below. 
The pleurotergal muscle Z differs from that of the blow-fly 
in its location and size. It is very small and originates just 
below the margin of the prescutellax' ridge. The individual 
muscle fibres join on to a small ova] shaped resilin tendon before 
being inserted on to the small projection from the prescutellar 
ride. This resilin tendon stains feebly with mob., and 
fluoresces with less intensity than the corresponding tendon of 
the blow-fly. 
The  first group of flexor muscles, apipleural muscle of 
axillary III is similar to those in the blow-fly.. However, 
the resilin tendon is much smaller (fig. 5) and probably contains 
less resilin, as the intensity of fluorescence is such less, 
and it stain only faintly with a. b. 
The second group of muscles, the epipleural.at&scles of 
axiflary U and P$w?, is also similar to that of the bloc-fly 
in its distribution. The second branch of this group of muscles 
is attached directly to sclerotized and of the apodsae of the 
PNWP, and the resilin tendon seen in the corresponding group of 
muscles of the blow-fly is not present. 
Mesothoracic skeleton and distribution of the direct wing muscles 
In a Tipulid. 
A number of nematocerans, including members of the 
ptyoopteridae and Tipulidee, were examined. All the different 
genera examined appear to have similar skeletal and muscular 
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anatomy. The differences an mainly concerned with the size of 
the individual parts and in the amount of eclerotization of the 
skeleton. Thus a Tipulid species is selected to represent the 
group Mematocera. 
Hespthoraaic skeleton 
The mesothorax, as in the case of the hover-fly and the 
blow-fly is enormously enlarged* Apart from this • the aesothorax 
is far less complex in the Tipulid. The most important 
distinguishing feature is the degree of eclerotization of the 
sesothorax. When the aesothorax is stained with m.b., parts 
of the skeleton along with the membranous regions between 
solerites stain blue-green. these structures show some evidence 
of fluorescence but not with the same intensity as pure resilin 
(indicated by short lines In fig. 3). 
The three processes arising from the scutus and projecting 
towards the base of the wing are comparatively smaller. The 
ANWP is strongly eol.rotised, compared to the rest of the 
essothorax. Its end towards the exiflary region of the wing is 
hook-like at its articulation with the first axillary sclerite. 
The scuteflar lever is also somewhat sclerotized and hook-
shaped (fig, 3) towards the end where it articulates with the 
first axillary sclerits. In other words these two scl.rites 
have a firm articulation with the first axillary scierite. 
The P149 arising from the ventral and of the lever is small, 
narrow and very easily separated from its articulation with the 
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fourth exillary scierite (fig. 3). There is no apodeme for the 
PNwP.. 
In the pleural region, the episternum and the epinteron are 
divided into upper and lower regions by transverse clefts, 
although not as markedly or clearly as in Syrphus and Calliphora. 
The basalax'e eclerite is slightly demarcated from the rest of, 
the aneptaternum to the humeral angle of the wing base, where it 
tapers down •constderably. There is only a single basalar. 
5oIcrite, although a partial separation into two plates may be 
seen towards the base of the episteruwa dorsally (fig. 3). The 
resilin associated with the humeral angle of the wing in the 
higher Dipterans is not present in the .Tipulid. The basalare 
apodeme is not clearly demarcated from the basalare salerite 
(fit. 3)... 
The rat of the anepisternum towards the wing base remains 
as a single plate., without further division into the episternal 
processes.. 
In the region of the anepimeron is the single subalare 
solerite. The distal and of the eubalare selerite i.e., the 
end towards the junction of the PNWP and fourth axillary sc)erite, 
is capped by a pad of zesilin, which stains a sapphire blue with 
m.b., and also fluoresces brightly like resilin (fig. 3). This 
is the only region in the whole of the meaothoracic wing 
skeleton of the Tipulid that shows the presence of pure resi.in 
I 	 (fig. 8). 
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The subalare scisrite carries the eubalare apodeme on the 
inside. The apodeme is broad and somewhat triangular in shape, 
providing a large surface area for the attachment of the 
enormously developed subalare muscle (fig. 7). The subalars 
epodeme is connected to the second azillary calcite by a narrow 
and very delicate ligament • There is no subalare apodeme or 
muscle in Calliphora or in any of the Syrphids that I have examined. 
Nesothoracic muscles 
The distribution of the direct wing muscles is summarised 
in Table II and the differences observed between the flpulid 
and the blow-fly are described. 
The most striking difference is in the total absence in 
the Tipulid of resilin normally seen in association with the 
direct wing muscles. The pleurotergal muscle I (fig. 7) is so 
smell that it is hardly recognizable, and it is only with 
difficulty and care that it may be located. It arises from the 
region of the anepisteniuw very close to the prescuteflar ridge. 
The individual muscle fibres may hardly be distinguished from 
the surrounding cuticle. The muscle fibres join on to a very 
small eclerotized apodaine, which in turn is joined on to the 
projection from the pnsoutellav ridge. 
The second pleurotergal muscle is almost as long as the 
subalare muscle. It originates from the basalare apoderns and 
is inserted directly on to the isesoscutwa (fig. 7). 
Secondly, the extensor and flexor muscles an both poorly 
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developed, especially the flexor, the epipleural muscle of 
axillary iv (fig. 7). The resilin tendon associated with the 
first group of flexor muscles, the epipleural muscles of the 
3r4 axiflary (fig. 7) in Calliphora, is hers represented by a 
scl.rotized apodeme. 
The second group of flexor muscles, namely the epipleural 
muscles of axillary IV and PNWP of Cafliphora and Syrphus, is 
directly attached to the base of the fourth axiflary solerite 
(fig. 7). 
The subalare muscle is very large, both in its diameter 
and in its length. It is even larger than the indirect wing 
muscles • It originates from the region of the moron of the 
mesothorax and is inserted on to the subalare apodea. (fig. 7). 
Functions of the aesothoracic skeleton and muscles containina 
In Diptera the power for flight is produced by the large 
fibrillar indirect wing muscles and changes in the direction of 
flight are brought about by the comparatively smaller direct 
wing muscles • The aerodynamic force produced by the indirect 
muscle is however dependent on the activity of the direct muscles. 
The wings do not make simple up and down movements, but 
also move backwards and forwards to some extent. The basalare 
muscles • for example, function as the extensor's of the wing, 
drawing the wing horizontally forward in flight (Ritter, 1911; 
Williams and Williams, 1943; Nachtigafl and Wilson, 1967). 
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In Calliuhora these muscles have no direct connection with the 
humeral angle of the wing except via the basalan I (fig. 1). 
The latter eclerite thus appears to form an important linkage 
at least in Diptera. In order to test this the basalare I 
was carefully detached as followsz 
I • towards its articulation with the radial vein (fig. I). 
2, Behind its connection with the basalare apodeme, by 
the ligament (fig. 1). 
Movement of the wings on the stroboscope as well as free 
flight was than observed. In the first operation the wing 
on the operated side did not beat in phase with that of the 
unoperated side. There was also less torsional rotation at 
the bottom of the stroke on the operated side. This is because 
tension in the basalars muscles causes increased pronation and 
supination at the bottom of the stroke. As far as free flight 
was concerned there was no noticeable change. In the second 
operation, the wing beat more or lees straight up and down and 
the fly completely lost its ability to fly. 
The second basalare scierite (fig. 1) has no direct 
connection with the wing articulation, neither is it in connection 
with any muscles • The removal of this solerite has no direct 
influence on free flight or even on the wing stroke. However, 
by virtue of its elastic bend it is capable of storing a large 
amount of energy. Jensen and this - Fogh (1962)   have compared 
the mechanical properties of the solid and rubber-like cuticles. 
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According to thon g even the solid cuticle is capable of an 
efficient storage of elastic energy. The rubber-like cuticle, 
being less rigid, ii capable of greater extension and its 
elastic properties enable it to be an efficient energy store. 
The resilin band of the basalar. U along with the resilin cap 
of the basalare I and the pad in the radial vein (fig. 1) is 
capable of storing the kinetic energy produced in the upstroke 
to be used in the downstroke, when it would otherwise be 
dissipated as heat at each stroke of the wing. In this way 
the indirect wing muscles are not required at each contraction 
to accelerate the wings up to their full velocity, which is 
contradictory to the opinion of Sotavalta (1952). 
The flight motor behaves as a resonant system, in which 
changes in frequency are possible it only  the resonant properties 
of the thorax are ad3usted. The plsuronternal muscle has 
been shown to be responsible for control of thoracic stiffness 
(Naahtigall and Wilson, Jill). It is also suggested here that 
the highly developed pleurotergal muscle with its resilin tendon 
(figs. 1 and 5) supplements the pleurosternal muscle in this 
function. However, the origin of this muscle is so close to 
the pleural wing process (figs. 1 and 5) and likewise its 
insertion on the tergum is asad to the attachment of basalare 
apodese (fig. 5) which carries the extensor muscles. Thus it 
is very difficult to disconnect this muscle to test this suggestion 
either from its point of origin or its insertion without causing 
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damage to the main wing hinge, the pleural wing process and the 
extensor mechanism. However, its relations to the adjacent 
scisrites sees to throw some light on its function. The pleural 
wing process and the pleuntergal muscle sees to arise from the 
common episternum, or at least very close to each other. The 
pleurotergal muscle with its relilin tendon is inserted by a 
long flexible tendon on to the tergus (process from the 
prescutallar ridge) • The tergus is a comparatively rigid 
structure, so that it is highly unlikely that this muscle could 
have any influence on the tergus by its contraction. On the 
other hand having the sue origin as that of the pleural wing 
process, the forces of its contraction would probably save the 
pleural wing process laterally inwards. The effect would be 
similar to that of the contraction of the pleuro-sternal muscle. 
The combined effect would be an efficient control of frequency 
which is suggested for the pleura-sternal muscle by Nachtigall 
and Wilson (1967). 
The pleurosternal muscles (susculus latus) of either 
side have a common origin and insertion i.e., they both originate 
from the sternum and are bot2 inserted on to a rigid mesofurcal 
cup which is in turn in close connection with the inner basal 
and of the pleural wing process. The contraction of the pleura-
sternal muscle will thus have a bilateral effect, bringing about 
the inward movement of the pleural wail on both sides. On 
the other hand pleurotergal muscle I has a different origin and 
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insertion and so a unilateral action is possible. The pleura- 
sternal muscle is itself elastic but, apart from this, the 
cuticle from Which it originates or on which it is Inserted 
does not contain reaflin. The pleurotergal muscle with its'  
elastic tendon is thus ideally suited to supplement the action 
of the pleura-sternal muscle. 
Turning during flight may be brought about by the asymmetry 
of the wing movements.. This extreme reaction is natural and 
was described by Mgnan (1934) 9 who made filmEd records of this 
behaviour in freely flying flies, and later by Nachtigafl and 
Wilson (1967). During turning in flight the timer wing is 
drawn back over the body in a resting posture and the wing on 
the opposite side continues to make normal flight movements 
with the same frequency (Nacht.igafl and Wilson., .1957). This is 
possible because the non-myogenic direct wing muscles are capable 
of differentially connecting the two wings with the motor 
• 	. 	(Uachtigall and Wilson, 1967). The basalare-extenBOX' muscles 
• and the two groups of flexor muscles are antagonistic to each 
other and their activity regulates the stroke angle of the wing 
(Nachtig*fl and Wilson, 1967). The presence of resilin in 
• 	association with the extensor and flexor mechanism (aolerites 
• and/or muscles) probably facilitates this extreme type of turning 
in the Calliphorid typo of f lies • The resilin pads in 
association with the basalars and subalare scieritos appear to 
form additional hinge plates upon g)j the wings are extended 
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or flexed, when the respective muscles exert their influence on 
these point.. 
Discussion 
Several workers have studied the mesothoracic skeleton and 
muscle supply of Diptera using a variety of flies, Cafliphora 
(Ritter, 1911; HeLd., 1971), Tabanus (Bromley, 1926; Sonhag, 
ing), Tipt4areesi (R..n and tents, 1919), Drosophila (Miller, 
1950) and Anisopus (Smart, 1959). 
In view of the range of terminologies in use, a summary 
of the nomenclature used by the different authors is presented 
in Tables Is A,8. This is done with a view to avoiding the 
confusion arising from the inconsistencies in morphological 
terms in use. The thorax of the Diptera is a highly specialized 
structure. However, within this complex structure homology with 
a more generalized insect may be established. The skeletal 
and muscular systems together form one functional unit, and as 
such those two systems cannot be isolated in the study of the 
flight mechanism. A combined and detailed investigation of the 
mesotboracic skeletal and muscular systems has, in this study, 
provtd to be an invaluable aid to understanding the relationships 
of the skeletal parts and the muscles with those of the generalized 
insect, and also within the members of the order Diptera itself. 
In Diptera the power-producing indirect muscles are separated 
from the direct muscles which control steering and wing beat 
frequency (Nachtigafl and Wilson, 1967). This hypothesis, was 
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oMSeflt put forward by Pringle (1965) band on anatomical 
observations with bees • But such a separation is not common 
in insects and some of the direct muscles are also responsible 
for producing the power necessary for the downstroke. In those 
insets with neurogenic flight rhythms, the wing beat frequency 
is controlled by the central nervous system via the main power-
producing muscles • Flies have been shown to have asnoeuverable 
rapid flight by several workers (Nagnan, 1931; Boettiger and 
turshpan, 1952; Vogel, 1956; )Jachtigall and Wilson, 1967; 
fieLds, 1971). This has been achieved by adaptive refinement 
of the basic insect thoracic skeleton and muscles. That such 
structural modifications have taken place is seen from the 
comparative approach taken in this study. Anatomical 
observations suggest that specialization of the flight machinery 
for increasing flight aanoeuverability has started in the 
Tipulids, but that the Calliphorids are even more modified, 
In the Tipulid, the aesothoracio skeleton as well as the 
muscular system is simple. The lateral architecture to a large 
extent appears to be composed of the transitional type of cuticle. 
Apart from this, pure resilin is found only in association with 
the subalare salerite (fig. 3). Amongst the direct wing muscles, 
the extensors and especially the flexor muscles are less 
developed, and none of the direct muscles have resilin tendons 
at their insertions on the skeleton. In fact the corresponding 
resilin tendon of the first group of flexor muscles, the epipleural 
muscle of axillary III and the plaurotergal muscle I in 
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Calliphorids and Syrphids is hen represented by aclerotized 
cuticle (fig. 7). The presence of such a simple unspecialized 
skeleton and muscular system is reflected in the poor flight 
of the nematocerans. The general mode of flight lacks the 
rapidity and accuracy of direction (Smart, 1959) that is 
associated with the flight in the higher Diptera. 
In both Syrphidat and Calliphoridae a simple but efficient 
control system appears to have been evolved. The Syrphidas 
Still retain the transitional type of cuticle (fig. 2) in a 
major part of the lateral mesothorax. The selerites are more 
differentiated and distinct than in the Tipulidas. 	The first 
group of flexor muscles and the pleurotergal muscle referred to 
in the previous paragraphs are here inserted on to the skeleton 
by resilin tendons (fig. 6) and resilin pads are developed in 
the extensor mechanism (fig. 6). 
Calliphora shows even more specialization of the 
mesothoracic structures. The transitional cuticle is more 
or less replaced by salerotized cuticle, and elastic cuticle is 
foi' the most part concentrated into specialized regions of the 
zassothorax, either in connection with flexion or extension of 
the wing during flight (figs. l,4,5). The exception is the 
pleurotergal muscle • which in Calliphora is provided with a large 
tongue-shaped resilin tendon, the muscle fibres and resilin tendon 
of which extend into the axillary region of the wing on either 
side of the mesothoflx (figs. 1 0 4 9 5). The corresponding tendon 
26. 
in the Tipulid is salerotized, and the muscle fibres being very 
email are confined to the margin of the presautellar ridge 
(fig. 7) • While in the Syrphida, the muscle fibres are slightly 
longer and reach the axillary region of the wing, the aclerotized 
cuticl, of the Tipulid is here replaced in Syrphids by an oval 
shaped resilin tendon (fig. 8). 
It has been suggested by t4achtigail and Wilson (1967) 
that separation of function in the flies allows greater efficiency 
of control by each specialized part.: This study of the 
comparative anatomy not only supports this idea, but shows how 
this eeparatioa of function and specialization of the basic 
anatomy may have been brought about in Diptera. 
Table I: A 	Terminology of the flight muscles described in Chapter I 
Group Bonhag 19149 Miller Nachtigall Ritter Smart Snodgrass Williams & - Present 	Functions  1950 & Wilson 1911 1959 1925,1935 Williams
1967 1943 
Tergo Posterior Tergo First pleuro 
pleural tergal Musculus basalare (4B) basalare tergal muscle muscle of 50 m.gr. gracilis Muscle 2B muscle muscle I 
basalare 
32 
Tergal Musculus Tergo Third pleuro maintenance muscle of 52 m.an. pleural and tergal of wingbeat 
the anonymns sulcal Fourth muscle frequency 
PWP 42 muscle basalare II 
muscles 
Anterior Musculus Anterior Second Tergo Extension 
tergal abductor epister- basalare basalare of flexed 
muscle of 49 m.ab.l alae :nal 4B muscle muscle wing 
the Primus basalare 
basalare muscle 
31 
Table I: A (Cont'd) 	Terminology of the flight muscles described in Chapter I 
Bonhag Miller Nâchtigall Ritter Smart Snodgrass Williams & Group 1949 1950 & Wilson 1911 1959 1925,1935 Williams Present -Function! 
1957 1943 
EpipIéural Pleural musculus Sterno Epipleural draws 
muscles muscle abductor basalare muscle of 	wing 
of of the - m.ab.2 alae - IE muscle basalare horizoir 
basalare basalare secundus (a) 	:tally 
33a forward 
Pleural musculus Inferior Sterno Epipleural draws 
muscle pronator Epister- basalare muscle of 	wing 
of the 51 alae :nal 2E muscle basalare horizon 
basalare basalare (b) 	:tally 
33b forward 
- - - 
- IE - - 
Epipleural aeural Muscles Musculus Axillary First 	Anterior Epipleural Elevatii 
muscles muscle of levator muscles Axillary 	muscle muscle of 	of wing 
of of 1st first m.le.I alas of first muscle of first Axillary 
Axillar- Axillary scie- Primus Scierite Axillary I 	(a) 
:ies 34a :rite (2 branch 
Table 1: A (Cout'd) 	Terminology of the flight muscles described in Chapter I 
troup Bonhag Miller Nachtigall Ritter Smart Snodgrass Williams & 
1949 1950 & Wilson 1911 1959 1925,1935 Williams Present - Functions 
1967 1943 
Pleural Muscles m.n. - - - Posterior Epipleural Elevation 
muscle of first muscle of muscle of of Wing 
of 1st scierite first Axillary I 
Axillary Axillary (b) 
3kb 
Pleural Muscles m.le.II Musculus Axillary Axillary Anterior Epipleural Draws wing 
muscle of 3rd levator muscles muscle of muscle of muscle of back over 
of 3rd Axillary alae of 3rd 3rd 3rd Axlllary the body 
Axillary secundus scierite scierite Axillary III 	(a) 
35a (3 branch- 
es) 
Pleural - m.su.I Musculus - - Posterior Epipleural Draws wing 
muscle Supinator muscle of muscle of back over 
of 3rd alae 3rd Axillary the body 
Axillary Primus Axillary III 	(b) 	- 
35b 
- - - - - - 
- Epipleural Draws wing 
muscle of back over 
Axillary the body 
III 	(c) 
Table I: A (cont'd) 	Terminology of the flight muscles described in Chapter I 
[Group Bonhag Miller Nachtigall Ritter 	'Smart 'Snodgrass Williams & 	I 
1949 1950 & Wilson 1911 1959 1925,1935 Williams Present - 	Functions 
1967 1943 
Pleural Muscles m.su.II musculus Axillary - One of the Epipleura] Draws wink 
muscle of 4th supinator muscle oi two exter- muscle of back over 
of 4th Axillary alae 4th nal muscles Axillary the body 
Axillary or secundus scierite of 4th IV 
37 axillary pleuro- Axillary 
cord Eulcal 
branch 
Inner - m.ad... musculus Axillary - Two internal Epipleura] Draws wing 
and outer adductor muscle c: muscles of muscles of back over 
pleural alae .4th Axillary PNWP the body 
muscles solerite IV 
of the Epimeral 
pNwP branch 
36,38 
a & b 
Anterior Pleuro- m.la. musculus Superior Pleuro- Dorsal musculus Control 
pleuro- sternal laths 	. .pleuro sternal furco- latus wing beat 
sternal muscle •. sternal muscle entopleural . 	. frequency 
muscle muscle muscle 
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COMPARISON of the DIRECT WING FLIGHT MUSCLES 
TABLE I: B 	 in TIPUIJA SYRPHUS AND CALLIPHORA 
Epipleural Epipleural Epipleural Epipleural Group pleuro- pleuro Tergo- muscle of muscle of muscle of muscle of 
tergal muscle tergal muscle basalare basalare basalare Axillary I Axillary I 
I II muscle (b) (a) (b) 
Small Long and Large and Large and Long and Small 
muscle with 
Fan-shaped broad triangular triangular broad insertion 
long flexible muscle with insertion insertion insertion insertion by 

















with small ". • 11 It . 	 .li.T 
resilin 
tendon 
very loiig . Not differentiated Two separate short 
and broad very 	 . insertion on to .a na'row muscles. 
muscle small Short and sclerotized 	. Insertion by a common 
no tendon muscle broad projection from flexible tendon 
Tipula insertion attached insertion the basalare - 
directly to sclerotized as above apodeme 
on to apodenie 
meso- 
scutum 
COMPARISON of the DIRECT WING FLIGHT MUSCLES 
TABLE I: B (COT'D) 	 in TIPULA SYRPHUS and CALLIPHORA 
Epipleural Epipleural Epipleural Epipleural Epipleural Musculus Subalar 
muscle of muscle of muscle of G 
muscle of muscle of latus muscle 
roup Axillary Axillary Axillary Axillary PNWP 
III 	(a) III 	(b) III 	(c) IV 
Large Triangular Small Very large 3 branches 2 branches 
insertion insertion insertion long and insertion very 











flexible common tendon on to 
• 	 . tendon tendon PNUP 
Small Large 3 branches 
muscle muscle insertion 
with insertion :directly - 
S r h Y P us small by flexible on to a 
resilin tendon projection 
tendon from PNWP 
• Very small Very small Very small Comparatively smaller 2 branches Very long 
insertion insertion insertion 3 branches, all three short and broad.. 
by common by common by common branches attached by narrow insertion 
V spula selerotized sclerotized sclerotized a common short on to. an 
apodeme apodeme apodeme flexible tendon to apodeme 
Axillary IV from. 
.Siba.are 
/ tegulci 
resilin 	 basalare II 
radial vein 	- 	 / 	 basalare I 
articular  
resilin cap 
subalare scierite / 
ik T\ 	epipleural muscles - of basulare 
c) 	 euro-tergaI muscle with resilin tendon 
-- 	--- 	---,-- - -________ 	pleuron 
mesofurcal cup 
second axillary - 	 - 
scierite 
pleural wing process 
episternal process II - 
episterrial process I 
Fig. 1. 	CALLIPHORA ERYTHROCEPHALA (CALLIPHORIDAE) 
RIGHT WING FROM OUTSIDE 
radi 
secondary 
axillary scierite - 
pleural 
wing process ---- 
subalare sclerite 








Fig. 2. 	SI'RPI4US 	RIBESII ( ASHIZA 










Fig.3. TIPULID (NEMATOCERA) 


































Fig. 5. CALLIPHORA ERYTHROCEPHALA 
MESOTHORAX SHOWING LATERAL MUSCLES 
pleurotergal muscles 
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Fig. 6. 	SYRPHUS RIBESII I AIiZA 
MESOTHORACIC MUSCLES 
eurotergal IflUSce I 
bosolore opodemo 	
/ pleurotergel muscle I I 
occillory I 
t•rgobosaIqy muscle 	 /l)_ '•N\\\\ 	
utello lee. 
p n w p 
- - 	
-- subolare opoaeme 
OpIpleurol. of - 	-- 	-- - 
..afar opodeme - 
/- 
	 - - epipleuro I muscle 
I ) 	1flr 
of osillory IV 
subolor muscle 
musculus lotus 




Comparison of muscle attachment to elastic and selerotized cuticle 
Even though the mode of attachment of muscle to arthropod 
cuticle has been the subject of much study, a number of questions 
pertaining to the structures involved still remain to be answered. 
This is mainly because complex microstructures are found at these 
junctions. Electron microscopy has proved to be a powerful tool 
in the elucidation of at least some of the difficulties encountered 
by the light microscopists- The present study examines various 
aspects of this problem. 
More than seventy years ago, the description of the mode of 
attachment of muscle to arthropod cuticle was published (Lowney, 
1893 9 1895). He described fibrils called tonofribrillae, 
continuous with the muscle fibres, which passed through or between 
the cells of the epithelial layer and into the epicuticle. It 
was also recognized that tonofibrillae provide a strong anchorage 
between muscle and cuticle, and are non-contractile structures 
formed only during deposition of cuticle. However, the origin 
of the tonofibrillae was uncertain, even as late as the 1960's.. 
The different views expressed by the earlier workers appear to 
centre mainly around one of two interpretations (Richards, 1951). 
The tonofibrillae pass between the epidermal cells and 
are thus continuations of the myofibrils. 
The tonofibrillae pass through the epidermal cells, and 
are thus formed by the cytoplasm of the epidermal cells. 
In more recent studies, electron microscopy has contributed 
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immensely to the understanding of the anatomy of muscle insertion 
in arthropods, especially in insects. Noble - Nesbitt (1963 a,b) 
while working on the moulting cuticle of Fodura, gave a brief 
account of muscle insertions. According to this work, muscles 
H 
	are inserted on to inward projections of the epicuticular material. 
These tonofibrillae pass through the epidermis before being 
attached to the muscle fibres. Auber (1963); Bouligand (1962); 
Caveney (1969); Lai - Fook (1967) and Shafiq (1963) appear to 
have arrived at one important conclusion with regard to the 
origin of tonofibrillae. According to these authors, the 
tonofibriflat are exclusively epidermal structures and myofibrils 
do not penetrate into the epidermis. Instead, they described 
the presence of interdigitating processes at myc-epidermal 
junctions, which connect muscle to epidermis. They have also 
shown the presence of an electron dense material extending into 
the epicuticle from invaginations of the outer plasma membrane 
of the epidermis adjacent to the cuticle.-  
More detailed investigations carried out by Lai - Fook 
(1967) have shown that two different structures are involved in 
muscle-cuticle junctions. 
1.. The microtubules. These are intracellular and epidermal 
in origin. She distinguishes microtubules from 
conventional tonofilaments on the basis of size, 
especially their diameter of about 25 ma. 
2. The more distant, extracellular tonofibrillas of 
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0.50 - 0.22 jam diameter in Rhodnius and 0.08 pm diameter 
in Calpodes larvae. These extend from pockets of the 
outer plasma membrane of the epithelium into the cuticle. 
She describes the presence of intermediate junctions between 
muscle and epidermal microtubules, and also of hemtdesmosomes at 
the junction of the microtubulés with tonofibrillae at their 
epidermal cuticle end. 
There are several gaps in our knowledge. One is the nature 
of muscle attachment in the special type of cuticle, which is 
now known to form part of the thorax of some insects. The 
nature of attachment of the direct wing muscles in the adult 
mesothorax of a Dipteran insect is still little known. 
The present study describes the origin and insertion of 
one of the wing muscles in the Diptéran, Calliphora 
erythrocephala, namely the first pleurotergal muscle (Chapter I t  
figs. 1 and 5). This muscle has been shown to be attached 
to the largest tendon composed of the protein resilin. According 
to Jensen and Wets - Fogh (1962) and Andersen and Weis - Fogh 
(1964), resilin has mechanical properties different from that 
of the scierotized cuticle. It is an elastic protein secreted 
by the epithelium and used to provide springs and buffers of 
great defor'mabitity and of good elastic recovery. With this 
material it is likely that attachment between the elastic tendon 
and muscle fibre differs from that between muscle fibre and 
normal sclerotized cuticle. This idea is examined in this 
section. 
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Materials and methods 
Most of the observations described in this study are based 
on material taken from two to three week old adult flies. These 
were reared in normal day length (12 hrs. light, 12 hrs. darkness) 
at 20°C. 
Initially the muscle was studied by light microscopy. 
For this, the insect thorax was split sagittally and fixed in 
Bouin's fluid for 24 hours, a method slightly modified from that 
described by Duboscq - Brasil (Paritin, 1956). This included 
dissection of the pleurotergal muscle with its tendon in Bouin's 
fluid. The specimens were washed in 70% alcohol to remove 
excess fixative and dehydrated in ethyl alcohol in the normal 
way. Owing to the small size of the tissues involved it was 
found necessary to stain them during dehydration in eosin 
dissolved in 96% alcohol, so that they could be seen during wax 
embedding. The specimens were then passed through 1% cçlloidirz - 
in methyl benzoate for 24 hours, then quickly through 3 changes 
of Ester wax 1960 9 each of 15 minutes duration.. The specimens 
were then passed through 3 changes of paraffin wax, and embedded 
in paraffin wax. This method was found to give better results 
than embedding in ester wax and re-embedding in paraffin wax. 
Sections were out 2.00 - 4.00 pm thickness and stained in m.b., 
or Mallory's triple stain or iron haenatoxylin or with Feulgen. 
Feulgen proved to be one of the most useful processes, for only 
by this method was the structure of the epithelium clearly 
recognisable. 
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Fixation of material for electron microscopy was carried 
out in the cold for 2-4 hours, using 5% glutaraldehyde in 
phosphate buffers, pH 7 (This included dissection of the 
specimen in glutaraldehyde). After this initial fixation, it 
was found necessary to modify the procedure from the existing 
standard method used in electron microscopy (Reynolds, 1963) 
to that shown in Table II A. 
The Araldite blocks with the tissues were trimmed and 
re-embedded before sectioning with glass knives. Sections 
showing silver to gold interference colours were put on plain 
copper grids and stained for 1 minute in lead citrate before 
examination. 
As an alternative procedure spur resin was used instead 
of Araldite in stages 13 - 15(Table II A s B, C) and the blocks 
were then treated as above to obtain sections. 
Electron micrographs were taken at different magnifications 
ranging from 2 1,000 - 30,000 with a Siemens' Elmiskop I. 
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Table II General Procedure for electron microscopy 
Reagent Temperature Time 
10 Sucrose/Phosphate 40C 12 hrs. 
buffer  
 1% 05014 Room T. 90 mins. 
Phosphate buffer  
 Sucrose/Phosphate Room T. Several changes  
buffer  
*4 • Sucrose/Phosphate '#0C 12 hrs. 
buffer  
s. 1% uranylacetate Room T. 30 mine. 
in 30% ethanol  
 1% Urany3.aeetate Room T. 30 mins. 
in 50% ethanol  
 70% ethanol Room T. 15 mine. 
 90%  
 100% 	"  1hz'. 
100 U 	 3* II 1hz'. 
110  1hz. 
 Equal vole, of 
ethanol + Araldite U 12 hrs. 
(6 parts hardner: 
4 parts resin) z 
Mixture (1)  
 Mixture (1) 40
0C oven 12 hrs. 
 Mixture (l) + Room T. 12 hz's. 
accelerator  
 Mixture (1) + 1400C Oven 8 hrs. 
accelerator + 
specimen in 
polythene discs 1 	60 C Oven 1 12 hrs., 
B Material was dehydrated using acetone in stages 
(S - 12) instead of ethyl alcohol. 
C Material fixed in 1% 0304 only followed by either 
method A or B. 
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Results 
Observations with the light microscope 
The location and morphology of the pleurotergal muscle 
and its resilin tendon is described in Chapter I (figs. 1,4 and 
5). 
In paraffin sections (figs 8 and 9) with the light 
microscope, the epithelium is just discernible, with prominent 
nuclei4 Its thickness varies in the different regions of thö 
tendon, being 10 - 20 pm in the region of muscle attachment and 
very much thinner in the regions away from it s about 2 - 3 pm 
The major portion of the tendon stains red with Mallory's 
triple stain and purple with haematoxylin 	In 2 - '4 pm thick 
sections a very thin layer was recognised between the epidermis-
and the bulk of the tendon. This layer stains blue with 
Mallory's and dark almost black with haematoxylin. Applying 
the nomenclature generally used for recognizing arthropod 
cuticles (Richards, 1951) the bulk of the tendon staining red 
with Ma1loryS and purple with haematoxylin should be the 
equivalent of the mesocuttele and the region staining blue with 
Mallory's and black with haematoxylin is equivalent to the 
endocuticle. But the conventional terminology is not appropriate 
with this type of cuticle. 
The whole of the cuticle is probably composed of the protein 
resilin very similar to that found in the prealar arm of the 
Locust (Weis - Fogh, 1960). The midrib and stalk stain red 
3 1$,. 
with Mallory's but are not hydrolysed by alkali and are not 
stained with m.b. Hence they are likely to be different in 
their chemical composition from the rest of the tendon, and 
may be composed of sclerotin (Richards, 1951). 
The muscle fibres are seen to extend from the peripheral 
region of the tendon away from the midrib, almost at an angle. 
of 450 to its longitudinal axis. The exact relation of the 
muscle fibres to the resilin tendon is not clear from light 
microscope work (figs. 8 and 9). This is largely due to the 
epithelium being occupied by large densely stained nuclei which 
overshadow the rest of the cell structure. 
Observations with the Electron Microscope 
The general structure of the resilin tendon obtained from 
whole mounts and by reconstruction from several micrographs 
is given in figs. 10: As E. Since the resilin tendon does not 
have a uniform structure either in its chemical composition or 
in the distribution of the associated structures like the 
epithelium and muscles, the plane of sectioning determines the 
type of electron micrographs obtained (figs. 19: A s B, C). The 
most likely planes of sectioning are shown in fig. 11 which shows 
the possible appearance of these sections. The structure of the 
whole tendon as it is seen with the light microscope is shown in 
fig. 12. 
The epithelial cell at the junction between muscle and selerotized 
cuticle (figs. 18: 8 9 19: G).. 
The single layer of epithelial cells underlying the cuticle 
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reaches its maximum thickness in the region of the muscle 
attachment, where it is about 2.5 - 3 pm thick, while in the 
region away from the muscle attachment it narrows down to 
approximately 1.25 - 1.5 pm, especially around the cell margin 
(fig. 19: G). 
The major part of the cytoplasm in the muscle bearing 
epithelial cell is occupied by dense microtubules of 20 - 22 tj 
diameter, running in fascicles in the direction of the muscle 
fibres on the one hand and of the cuticle on the other. These 
inicrotubules appear slightly smaller in their diameter compared 
to those described by Lai - Fook (1967). 	In the region of 
the cytoplasm between the microtubules are seen free ribosomal 
granules and scattered profiles of narrow vesicular cisternae of 
rough endoplasmic reticulum, mitochondria and lysome-like bodies 
• 	which are very similar to those described by de Duve (1963) 
and Novikoff (1963) and NOvikoff and Holtzmann (1970). The 
• 	nucleus is marginal in its location. 
The lateral boundaries of two adjacent cells appear to 
take a somewhat tortuous course, and this contorted nature of the 
later$al plasma membrane becomes more pronounced in the outer 
cuticular region of the cell (figs. 18: 8). 	In this region 
the opposed plasma membranes are not only very close to each 
other, so as to form very tight junctions (Brightman and Palay, 
1963; Farquhar and Palade, 1963; Fawcett, 1961 s 1965 0 1966; 
Kelly, 1966) but are transversely joined by electron dense 
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material forming septate desmosomes. Such junctions have been 
described for other insect tissues (Harrod, 1971; Gupta and 
Berridge, 1966; Locke, 1965; Lowenstein and Kanno, 1964; 
Wiener et al 1954). In very high magnifications, these septate 
desmosomes are seen to converge and form a single layer towards 
the apical end of the cell near the cuticle (fig. 18: B). 
Associated with the lateral plasma membrane on the 
cytoplasmic surface of the eell are vesicles of varying shapes 
and sizes. 
The basal lamina is well developed and spreads as an 
unbroken sheet all over the epithelial layer and continues up 
the outside of the muscle (figs. 18: 8, 19: G) as described 
by Wigglesworth (1933) for Rhodnius.. 
The cuticular end of the cell is not always applied to 
the endocuticle. Between it and the cuticle is a narrow spaoe4 
This region has been described in other insect tissues both 
for the developmental stages (Noble - Nesbitt, 1963a and Locke, 
1966) and for the adult fly (Gupta and Berridge, 1966). Even 
with low magnifications, microvilli'like structures are seen 
to extend from the outer membrane into the subcuticulat' space 
(Beams and Anderson, 1955; Gupta and Berridge, 1966; Kiuss, 
1958; Locke, 1966; Smith, 1963). 	This is a device by which 
the cell surface area is increased many fold. The outer plasma 
membrane is also equally invaginated into small pockets of varying 
diameter and length. From these invaginations rod-shaped electron 
V 
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dense material is given off into the cuticle. These rod-like 
structures are much broader within the pockets but narrow down 
towards the cuticle. The lining of the invagination is 
reinforced by electron dense material similar to the rod-like 
structures forming hemidesmosomes to which the microtubules are 
attached,. The exact relation of the microtubules either to 
the tonofibriflat or to the hernidesmosornes is not clear even 
with very high magnifications. Similar extracellular tonofibrillae 
and hemidesmosomes are described in other insects by Caveney 
(1989) and Lai - Foo]c (1967). 
The cuticle immediately above the subouticular space 
shows the presence of the Bouligand patternL 6ott3md 19 IS). 
The plasma membranes of the epithelial and muscle cells 
meet in desmosomal junctions (Auber, 1963; Bouligand, 1962; 
Caveney, 1969; Lai - Fook, 1967; Shafiq, 1963). 
The epithelial cell with resilirt (figs. 19: A,B,C,D,E,F,G . 	. 	 20:A,B,C,D) 
The thickness of the RY ithelium on the side of the resilin 
varies from 12 - 18 urn in regions of muscle attachment and 
narrows down to a thickness of only 2 to 3 urn away from the 
muscle attachment (figs. 19: A, 20: A,B,C,D). 
The major part of the cytoplasm is filled with fascicles 
of microtubules of 20 - 22 nrn diameter running approximately 
at an angle of '5 ° to the long axis of the epidermis-resilin 
junction (figs. 19: A, 20: A), 	The axes.of the microtubules 
run almost parallel to the general axis of the muscle fibre 
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• 	(figs. 19: A. 20: A). 	In high magnifications (fig. 19: E) 
the microtttbules appear arranged in a definite pattern and 
spacing very similar to those described by Gupta and Berridge 
(1968) in the epithelial cells of the blow-fly rectum. Each 
individual tubule appears to have an electron dense coat of 
• / 
	
	varying 4nsity.Burrouflding a less dense central core. The 
tubules also show interconnections by material of varying 
densities, 
The great abundance of miorotubules make it almost 
• 	impossible to recognize other cell organelles in the cytoplasm. 
However, within that narrow region of the cytoplasm where there 
• 	are no microtubules it has been possible to recognize free 
ribosomes, mitochondria and the folded membranes and narrow 
cisternae of the rough endoplasmic reticulum (figs. 19* A, 
20: A,C,D). In addition, a preferential distribution of these. 
organelles appears to exist towards the marginal region of the 
cell, which is crowded with structures mentioned above. 
• 	 The nucleus is a large ellipsoid measuring about 
14 x 2 pm 
of major axis about 14 am, minor axis about 2 isa and is slightly 
heterochrOmatic with a distinct nucleMolus. Although the 
nucleus has no fixed orientation within the cell, it is usually 
located with its major axis parallel to that of the microtubules 
and at the cell margin (figs. 19: A, 20: A,C). 
The lateral plasma membranes of two adjacent cells are 
more or less like the corresponding cells of the musclesclerotized 
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cuticle junction, but the degree of folding is very much greater 
(figs. 20: A,B) and the folds are contorted for a considerable 
length. The whole of the folded, region forms septate 
desmosolaeS which do not occur elsewhere, 
The region of the cuticle immediately above the epithelial 
layer is composed of very heavy electron dense maSrial of about 
250 nm thickness, There is no subcuticular space, as lo seen 
in the epithelial junction with the sclerotized cuticle. In 
very high magnifications the electron dense region is seen to be 
composed of very fine microfibres arranged parallel to the 
epithelium almost perpendicular to the direction of the 
inicrotubules. From this fibrous region mcrofibres are seen 
to extend into the tendon proper where they maintain the same 
electron density. The projections are highly irregular and 
are very much branched; the branches join with each other to 
form a meshwork and thus presumably reinforce the connection 
between the epithelium and the resilin. 
In electron micrographs of double stained sections 
(Processes Table II; A, B) the tendon proper appears to consist 
of two separate chemical 'components, the electron transparent 
ground substance which forms the bulk of the tendon, and slightly 
electron dense fibres which are poorly defined and which form a 
network throughout the ground substance. Although these 
differences in the structure of the two components are seen in 
the electron micrographs, this region of the tendon is similar 
to pure resilin in that it undergoes a complete hydrolysis in 
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alkali (Weis - Fogh 1960 and Chapter I). 
The epithelial-resilin association is unlike the 
epithelial-solerotized cuticle junction. The outer plasma 
membrane of the epithelial cell adjacent to the resilin tendon 
is formed into very deep irregular invaginations which 
interdigitate with irregular projections of the resilin tendon. 
The intei'digitation between the epithelial layer and the 
resilin tendon increases the surface area in the region of the 
junction by leO - 80 times compared with a hypothetical flat 
membrane in the corresponding region (figs. 19: A, 20: A I B,C,D). 
From the fibrous region of the resilin tendon referred to 
above (figs. 19: A, 20: A 9 8,C) microfibres are seen to extend 
into the deep pockets of the epithelial layer. Within the deep 
invaginations of the epithelium the microftbres run in wavy 
lines parallel to one another (figs. 20: B,C). Along the 
margin of these invaginations the contact between the epithelium 
and the tendinous projections is by hemidesmosomes (figs. 20: B,C). 
The number of muscle cells and the rumber of epithelial 
cells in any junction are closely similar, as was found at the 
aclerotized cuticle junction. The plasma membranes of the 
two tissues join (one muscle cell to one epithelial cell) by 
forming desmosornes as are seen in other epithelial cello 
(Fawcett, 1961,. 1965, 1966; Farquhar and Palade, 1963 and Kelly, 
1966). The area of contact between muscle and epithelium is 
increased several times by highly irregular projections which 
'el. 
interdigitate with each other. Similar junctional complexes 
in insect muscle epithelial cells have been described by earlier 
workers (Auber, 1963; Bouligand, 1962; Caveney, 1969; tat 
look, 1967; Shafiq, 1963). The desmosomes are found at the 
level of a z-band of the muscle fibre, as described by Caveney 
(1969) and tat - Took (1967) and are located in the peripheral 
sarcoplasth. The actin filaments and the microtubules converge 
on their respective sides towardsthe desmosomea, but their 
relation to the plaque is not clear. However., from very high 
magnifications, they appear to form a closely woven network 
of mcrofibres which are less electron dense than the plaque 
itself. Such fibres are now known to form a major constituent 
of the more elaborate type of junctions (Campbell and Campbell, 
1971). 
The intercellular gap in the region of the junction is 
about 2.5 run and is bisected by a median electron dense structure 
which either is continuous or is broken up to give a regular 
beaded profile (figs. 19; D,E). It is now known that this 
intercellular lamella is a region where material from the two 
membranes overlap (Kelly, 1966). Such complex junctions are 
not uncommon and have been desciibed in other systems (Campbell 
and Campbell,. 1991). 
Discussion 
The observations made in this study are summarized in 
(figs. 10: A,B). 
142. 
The epithelial cell, is an embryonic cell, as suggested by 
Wigglesworth (1961) with many potentialities capable of considerable 
differentiation in order to carry out the many functions required 
of it. These cells synthesize and transport to the exterior 
the procuticular material (Wigglesworth, 1933) and the transport 
of the synthesized material is facilitated by the rnicrovifli 
like structures which are produced as extensions of the outer 
plasma membrane into the cuticle (Beams and Anderson, 1955; 
Gupta and Berridge, 1966;. Kluss, 1958; Locke, 1966; Smith, 
1963). 
In addition, exchange of synthesized macromolecules 
between adjacent cells may occur via the vesicles of the lateral 
plasma membrane. These vesicles are very similar to the 
pinocytotic vesicles described by Bowers (19614) 0 Fawcett (1965), 
Gupta and Berridge (1966) 9 Roth and Porter (19614) and Stay (1965). 
An elaborate and complex type of junction is not uncommon 
(Campbell and Campbell, 1971) and such complex type of junctions 
are expected in mechanical systems where two embryologically 
distinct cell layers meet and function as a single unit. In 
this case, the junction is between a contractile muscular system 
and the epithelium which functions like the vertebrate tendon 
in transmitting the tension developed by the muscles to the distant 
cuticle. It is of interest that at both the junction with resilin 
and with solerotized cuticle, there is a 1:1 ratio of muscle to 
epithelial cells. Cell environment and the relationship between 
'*3.. 
cells are important in any system and especially if the cells 
involved form one functional unit. The particular arrangement 
found at these junctions may therefore have important 
morphogenetic implications., 
The structure of the muscle junction with the epithelium 
on the eclerotized cuticle side is not markedly different from 
that described by earlier workers (Auber, 1963; Bouligand, 
1962; Caveney, 1969; Lai - Took, 1967; Shafiq, 1963). 
Fascicles of microtubules develop from the epithelium and connect 
the muscle fibres with the cuticle. The cell membrane of the 
epithelium beet the muscle leyer in desmosomal junctions while 
the outer plasma membrane in contact with the cuticle is 
invaginated into small pockets from which tonofibrillae extend 
into the cuticle.. The plasma membrane of these pockets is 
attached to the tonofibrillae by hemidesmosomes. It is now 
known that when a junction is produced between a cellular layer 
and a non-cellular layer it is usually by hemidesmosomes (Campbell 
and Campbell, 1971). 
Basically the major part of the cell is occupied by the 
microtubules and as a result of this all the other cell organelles 
including the nucleus are either confined to the marginal zone 
of the cell or between the fascicles of the microtubules. This 
probably ensures that the tension developed by the muscle is 
transmitted direct to the distant cuticle* The arrangement 
of the. microtubules is itself interesting in that they do not 
I 
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form isolated entities but are joined to one another in a manner 
very similar to that described by Gupta and Berridge (1966). 
This arrangement may possibly have immense importance in 
mechanical systems like the muscle epithelial junction. 
On the resilin side, although the cellular tissues 
involved are similarp the replacement of the sclexotized cuticle 
by soft rubber-like resilin cuticle is accompanied by 
significant differences, especially within the epithelium and 
in the region of its association with the resilin tendon4 
This is reflected in the development of the fibrous layer which 
sends its extensions into the epithelium on the one hand and 
into the tendon proper on the other. It is probably in this 
way that the epithelium with the attached muscles is firmly 
• 	anchored on to the resilin tendon. 
• The differences in the morphology of the lateral plasma 
membrane when the epithelial cell is in association with the 
• 	sclerotized cuticle on the one hand and resilin tendon on the 
other also appears to have some functional significance. When 
the epithelial cell is adjacent to the sclerotized cuticle the 
septate part of the lateral plasma membrane is more or less 
straight but, when it is with the elastic cuticle it is very 
much folded. These folds run parallel to one another and also 
appear to interdigitate with each other. From the electron 
micrographs it is not possible to say whether this has any 
relation to the physical state of the muscle. Berridge and. 
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Gupta (1967) 9 Lowenstein and Kanno (1964) Lowenstein at al 
(1965), Penn (1966) and Wiener at al (1964) have shown that 
- - 
septate desmosomes when present provide efficient barriers 
between the intercallular spaces and the fluid surrounding the 
cell surface. The existence of a difference in the degree 
of folding of the membranes on the two sides suggest a. possible 
mechanical role for the septate desmosomes in addition to  the 
physiological barrier that is known to exist. 
Finally, in considering the structure in the mature 
adult fly the single layered epithelium appears to form an 
efficient connective layer between the contractile muscle layer 
and the cuttcle. At the interdigitation of the epithelium 
with the scierotized cuticle, the socket of the tonofibrill 
locally increases the effective area of cell membrane by 5 - 25 
times. This probably reflects the low tensile strength of 
the cell membrane junctions. Similar observations have been 
made elsewhere in other systems (Huxley, 1960). The same 
structural feature is not found when the attachment of the 
muscle is with a softer cuticle of lower tensile strength. The 
periphery of the tendon is there differentiated into a fibrous 
layer very similar in appearance to collagen fibres described 
in insect tissues (Gupta and Berridge * 1966). These fibres 
interdigitats with the epithelium on one hand and send fins 
projections into the tendon where they form a meshwork. This 
most likely is a special mechanism to distribute the load over 
the surface of the relatively weak resilin tendon. 
Explanation of figures 
Fig. 8 	Transverse section through the pleurotergal resilin 
tendon of a 1 day old fly stained in methylene blue. 
Muscle (Mus), Epithelium (Epi), resilin tendon (RT). 
yig. 9 	Transverse section through the pleurotergal resilin 
tendon of 1 day old fly stained in .haematoxytin-eosin. 
Note the broad epithelium (Epi) adjacent to the muscle 
(Plus.) and the narrow epithelium adjacent to the midrib 
(Mr) region of the tendon! Note also the location 
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£xvlanation of figures  
Fig.. 10 (A) 	Schematic diagram of muscle-epithelium adjacent 
to the solerotized cuticle in 2 weeks old fly 
Calliphora erythrocephala. 
(B) . Schematic diagram of muscle-!epithelium adjacent 
to the resilin tendon in 2 weeks old fly .Calliphora 
erythrocephala. . 	... 
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FIG. 10  - 
SCHEMATIC DIAGRAM OF MUSCLE - EPTHEUUM- RESILIN 
ATTACHMENT IN 2 WEEKS OLD ADULT FLY, CALLIPHO.!A 
ERYTHROCEPHALA. 
Explanation of figures 
rig. ii 	Diagram of the anatomy of the pleurotergal resilin 
tendon showing the types of sections obtained by 
cutting along different planes. 
Fig. 12 	Whole mount of the resilin tendon in Araldite with 






Explanation of figures 
Group I pupae 
Fig.. 13: A Electron micrograph of the epithelium (Epi) 
adjacent to the pleurotergal resiuin tendon (RT) 
from group I pupa., 	Note the dense distribution 
of free ribosomal granules (1W), lateral plasma. 
membrane (1PM) between two epithelial cells 
towards the cuticu]ir(RT) end of the cell, the 
microvilli (MV) and scattered mitochondria (Mi) 
with densely staining matrix 	x 30,0000 
Fig. 13: 8 Survey micrograph showing undifferentiated 
epithelium (Epi) of the pleurotergal resilin 
tendon of group I pupa and euchromatic nuclei 
(N), lipid globules (L&), ribosomal granules 
(KG) mitochondria (Mi) 	x 15 9000. 
Fig. 13: - C Epithelium of group I pupa adjacent to the 
salerotized cuticle (Sc) of pleurotergal muscle 
showing the diffuse cytoplasm, continuous basal 
lamina (BL), microvilli (MV)and nuclei (N). 
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Explanation of figures 
Group II pupae 
Fig. 14: A Electron micrograph of the epithelium (Epi) 
adjacent to the midrib (Mr) of the resilin 
tendon from group II pupa. 	The nuclei (N) 
are still euchromatio and the nucleoli still 
indistinct, but note the change in shape of the 
nuclei in comparison with those of the group I 
pupae Fig. 13: B. 	The mitochondria (Mi) are 
increased in number. 	The cuticular end of the 
cell contains a few scattered cisternae of the 
(RER), but lower down are stacks of lamellate 
RER (arrows) and lipid globules (Li) 	x 6 9000. 
Fig. 14: B Lower end of Fig. 14: A at a higher magnification 
showing the lamellate membranes CL RER), lipid 
globules (Li) and mitochondria (Mi) 	x 30 9 000. 
Fig. 	114: 	C Electron micrograph of the epithelium (Epi) 
adjacent to muscle attachment on the resilin 
tendon. 	This section shows an increase in the 
number of ribosomal granules (RG) and mitochondria 
(Mi) compared with that in Fig. 13: A 	x 24,000. 
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Explanation of figures 
Group III pupae 
	
Fig. 15: A 	Low power electron micrograph of the epithelium 
(Epi) adjacent to the pleurotergal resilin tendon 
(RT). 	The cytoplasmic structures, the peculax' 
arrangement of the membranes in whorls (RER) and 
nuclei (N) should be compared with those in Fig. 
13: A,B, 1: C. 	Note also the undifferentiated 
resilin tendon (RT) x 15 9 000. 
Fig. 15: B 	As 15: A showing epithelial cell structures 
in higher magnification. In regions where the 
microtubules (MT) have developed, no whorls of 
membranes are seen. Mitochondria (Mi) appear 
between developing inicrotubules 04Th This 
micrograph also shows the cisternae (RER) in 
communication with the vacuoles CV) indicated 
by arrows x 45 9000. 
Fig. l5zC 	As 15: A showing the nucleus in higher magnification. 
Note continuity of the cytoplasmic membranes (RER) 
with the nuclear membranes indicated by arrows 
at points of evaginations of the nuclei. Note 
also the vacuoles (V) filled with diffuse but 
slightly electron dense material and communication 
between these vacuoles and the membranes (RER) 
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Fig. 15: D 	Electron micrograph of the haemocoelic end of the 
epithelium (Epi) now showing the distinct basal 
lamina (SW. Ribosomal granules (RG), microtubules 
(MT) and arrows indicate communication between 
vacuoles (V) and the membranes (RER) x 45,000. 
Fig. 15: E 	Electron micrograph of the epithelium (Epi) 
adjacent to the scierotized cuticle (Sc). The 
cytoplasm contains numerous free ribosomal granules 
(RG), few scattered cisternae of RER. Note 
the slightly folded lateral plasma membrane 
(LPM), subcuticular space indicated by arrows 
and Bouligand pattern (So) in process of 
development. This should be compared with Fig. 
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Explanation of figures 
Group VI pupae 
Fig. 16: A 	Electron micrograph of the epithelium (Epi) 
adjacent to the resilin tendon (RT). This 
section shows the invaginations of the plasma 
membrane adjacent to the resilin tendon (RT) 
indicated by small arrows. The invaginationa 
contain dens* fibrous material and there are 
also outpushingS of the plasma membrane 
microvilli (MV) into the cuticle (RT). The 
nuclei (N) are euchromatic. Note also the 
structure of the resilin tendon indicated by 
small white circles and compare it with fig. 
15s A. Septate desmosomes (S Des) x 20 9 000. 
Fig. 16: B 	Electron micrograph of the midrib (Mr) region 
of the tendon (RT) from a group IV pupa 
showing what may be the remains of the pupal 
tendon (PT). Epithelium (Epi) x 2,000. 
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Explanation of figures 
iday old flies 
Fig. 17: A 	A longitudinal section of 
the epithelium (pi) 
adjacent to the resilin tendon (RT) from a day 
old fly. 	The cell and cuticle interdigitate 
and are joined by hemidesmOsOmeS indicated by 
arrows. 	Note also change in the appearance 
of the resilin tendon (RT), the fibrous layer 
(FL), inicrotubules (MT) and vacuole (V) from 
that seen in Fig. 16: A. 	x 60 1,000. 
Fig. 	17: -B A longitudinal section through 
the resilin 
secreting epithelium (Epi) adjacent to the 
muscle (Mus) from a day old fly. 	The 
interdigitatiflg cell membranes (epithelial and 
muscle) are joined by deamosomes (Des). 	Note 
also absence of microtubules (MT) in regions 
where membrane bound vacuoles (V) with ribosomal 
granules (RG) are found 	x 	24 0 000. 
Fig. 	17: C A longitudinal section of muscle (Mus) from a 
day old fly showing desmosOines (Des). 	x 2 14 9000. 
Fig. 	17: D Oblique section through epithelium 
(Epi) adjacent 
to scierotized cuticle showing mitochondria (Mi), 
Nucleus (N), miorotilbules (NT), muscle (Mus) and 
desmosOmes (Des). 	"Glycogen" is indicated by 
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Fig. 17: E 	Oblique section through the epithelium (Epi) 
adjacent to scierotized cuticle (Sc) in a 
region where there is no muscle showing 
microvilli, (MV), multivesicular body (MVB), 
rough membranes of the endoplasniio reticulum 
(RR). Note hollow arrow at a junction of 
the lateral plasma membrane (LPM) and a multi' 
vesicular body. x 28 9 000. 
Fig. 17: F 	Same as 17: E but towards the haeinocoelic end 
of the cell (Epi) showing chromatin (Ch), 
mitochondria (Mi) rough endoplasmic reticulum 
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FIG. 17F 
Explanation of figures 
1 w.ek old flies 
Fig. 18: A 	Electron micrograph of the epithelium (Epi) 
adjacent to the resilin tendon (RT). The 
interdigitating plasma membrane and fibrous 
layer (FL) are joined by heinidesmosomes (Fl Des), 
these should be compared with those of a 1 
day old fly, Fig. 17: A. Note the remnants 
of membranes (RER) between the microtubules 
(NT) x 30,000. 
Fit. 18: D, 	Epithelium (Epi) adjacent to the aclerotized 
cuticle (Sc). 	Note in contrast to 18: A the 
tonofibrillae (Tf) within pockets of the plasma 
membrane adjacent to the cuticle, septate 
desmosomes (S Des) and cell organelles along 
the lateral borders of the cells. Lateral 
plasma membrane (LPM) x 30,000. 
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FIG-18 B 
Explanation of figures 
2 week old flies (14 - 16 days old). 
Fig. 19: A A longitudinal section of an epitheliumresilifl 
tendon (RT) junction showing fibrous layer (FL), 
micz'otubules (MT), nucleus (N) lateral plasma 
membrane (LPM) 	x 12 9 000. 
Fig. 19: 	B Electron micrograph of the epithelium (Epi) 
adjacent to the resilin tendon (RT) along the 
tip (see Fig. 11 for explanation) showing basal 
lamina (BL), lysosome-like bodies (Ly), nucleus 
(N) and chromatin (Ch). 	x 26,000. 
Fig. 19: C Electron micrograph of the epithelium (Epi) 
adjacent to the resilin tendon (RT) in the midrib 
(Mr) region (see Fig. 11 for explanation) 
showing basal lamina (BL), nucleus (N). 	x 17,500. 
Fig. 19: D Transverse section of the interdigitation at a 
muscle (Mus) epithelium (Epi) junction showing 
desmosomes (Des) microtubules (4T). 	x 30 9000. 
Fig. 19: E Desmosomal junction (Des) at higher magnification 
showing the regular arrangement of the microtubules 
and interconnection between tubules (indicated 
by arrows). x 270 9 000. 
Fig. 19: F 	Electron micrograph of the epithelium (Bpi) 
adjacent to the midrib (Mr) region of the resilin 
tendon (RT). Note the presence of pupal tendon 
(PT). x 370500. 
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Fig. 19: G 	Epithelium (Epi) adjacent to sclerotized cuticle 
(Sc). 	This should be compared with Fig. 19: F 
and 20: A showing actin filaments (AF), 
microtubules (MT), microvilli (MV), rough 
endoplasmic reticulum (RER), ribosomal granules 
(RG), nucleus (N), hemidesmosome (H Des), 
deemosomes (Des), septate desmosomes (S Des) 
and muscle (Mus). x 214,000. 
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FIG -19 G 
Explanation of figures 
3 weeks old flies 
Fig. 20: A 	Muscle (Mus) attachment to resilin tendon (RT) 
via the tendinous epithelium (Epi). x 6,000. 
Fig. 20: B 	Electron micrograph showing epithelium (Epi) 
adjacent to the resilin tendon (Rt). This should 
be compared with Figs. 16: A t 19: G. The 
fibrous layer (FL) of the tendon interdigitates 
with the deep invaginations of the epithelium 
and is joined to it by hemidesmosomes (H Des). 
Note the extension of the fibrous layer into 
the epithelium and the resi].in tendon indicated 
by black lines. Also note the septate desmosome 
along the lateral border of the cell indicated by 
an arrow. x 20,000. 
Fig. 20: C 	The same epithelial cell (Epi) as 20: B but 
nearer the haemocoel, showing hemidesmosomes 
(H Des), mitochondria (Mi), microtubules (MT), 
nucleus (N). x 25,000. 
Fig, 20: D 	Same epithelial cell as Figs. 20: A,B but towards 
muscle junction (Mus), showing epithelium (Epi), 
desmosomes (Des), microtubules (NT) mitochondria 
(Mi). 	The arrows indicate concentration of cell 
organelles along the lateral border of the cell 



































- 	•J€.• 	it -- 	•-- 
- •, 	 ;•-- 
.4~. 
Fl .20 D 
Explanation of figures 
45 - 50 days old flies 
Fig. 21: A 	Electron micrograph of the epithelium (Epi) 
adjacent to the resilin tendon (RT). This 
should be compared with Figs. 20: B, 15: A 
and shows fibrous layer (FL), hemidesmosomes 
(H Des). Arrows indicate concentration of 
cell organelles along cell border and 
microtubules (MT). x 249000. 
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FIG . 21 A 
Explanation of figures 
75 - 80 days old flies 
Fig. 22: A 	Slightly oblique section of the epithelium (Epi) 
adjacent to the resilin tendon (RT). This should 
be compared with Figs. 15: A, 20: 3 9 21: A and 
shows chromatin (Ch), hemidesmosomes (H Des), 
miorotubule (MT), nucleus (N), fibrous layer 
(fl.). 	Arrows indicate where the dissolution 
of both the fibrous layer and the epithelium is 
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Electron microscopic study of developing elastic tendons in the 
blow-fly Calliphora erythx'ocephala. 
Age related changes in the wing beat frequencies of 
insects are known from the work of Chadwick (1953) 9 Levenbook 
and Williams (1956) 9 Roth (19e8), Sohneirla (198) and Yurkeiwicz 
and Smyth (1966) and changes in both frequencies and duration 
of flight from the work of Tribe (1966). 
Several efforts have been made to correlate such changes 
in the flight pattern with physiological as well as structural 
factors, but most of the reports tend only to establish a 
relationship between biochemical changes and flight performances 
(Williams, Barnes and Sawyer 1943; Keilin 1925 and Sacktor 1951). 
Tribe (1966) suggested that in addition to changes in size, 
weight and possibly the number of flight muscle saroomosomes, 
the overall developmental changes taking place during the first 
few days of adult life may contribute to the low wing beat 
frequencies and short duration of flight in young flies. 
Structural changes, especially of the muscular system 
take place after adult emergence (Shafiq, 1963) but very little 
has been done to correlate such changes to changes in flight 
pattern. Also very little is known about degeneration processes 
in tissues of very old flies which are also known to fly with 
lower wing-beat frequencies and for a shorter duration (Tribe, 
1966). 
47. 
The present study was designed to investigate whether 
any fine structural changes may be observed in the fly at ages 
when the flight pattern is abnormal (Tribe, 1966). 
Materials and Methods 
Fixation for electron microscopy was carried out as 
described in Chapter II.. Flies of the following age groups 
were used: 




2. Group II pupae 	- 5 - 6 days old, 
brown pupariuin. 
3. Group III pupae 	- 6 - 7 days old, 
dark-brown puparium. 
l&. Group IV pupae 	- 7 - 8 days old., 
black puparium. 
1 day old adult flies. 
6 - 8 days old adult flies. 
7.21- 28 days old adult flies. 
42 - 50 days old adult flies. 
75 - 80 days old adult flies. 
Sections were obtained, examined and photographs taken 
as described in Chapter II. 
For light microscopy very thin Ester-wax - paraffin 
sections (2 - '4 pm thick) were used.. 
Sections were obtained and examined as described in 
Chapter II. 
48. 
Observations with the light microscope 
Differences in the intensity of staining of the elastic 
tendon are observed between the pupal stages and the very old 
adult flies.. 
The whole resilin tendon or very thin sections 2 - 4 pm 
thick) of the tendon of all pupal sieges stain light blue with 
a. b • This colour disappears on drying and the material turns 
brown, resembling untanned scierotized cuticle. In the mature. 
adults (2 - 4 weeks old) the bright blue colour is retained for 
at least $ years. In the very old flies (8 - 13 weeks old) the 
specimens stain light blue but the colour is retained for the 
same period. 
Along the middle of the tendon both in the pupae and in 
the one day old adult flies, very minute pore-like structures 
are discernible when stained with m.b.. These longitudinal 
pore-like structures will be referred to elsewhere in this 
chapter (see figs. 16: 8, 19: F). 
Observations with the Electron Microscope 
When the ultra thin sections of the epithelial cells 
are examined in the region of either the resilin tendon or the 
sclerotized cuticle with the electron microscope, the fine 
structure of the cytoplasm and the associated cuticle are seen 
to be very complex. Remarkable differences are seen between 
the pupae stages, the mature adult flies and the very old flies. 
Differences are also seen between the different pupae stages. 
49. 
These differences are greater on the side of the resilin tendon 
and hence the epithelial cells in association with the resilin 
tendon are here described in detail. The cells in association 
with the solerotized cuticle are described only as far as is 
necessary to emphasize such differences as occur. 
Group I Pupae 
Epithelium at the junction between muscle and elastic cuticle .  
(figs. 13: A. B. C). 
In the group I pupae the epithelial layer is very compact 
and neither the lateral boundaries between adjacent cells or 
their haemocoelic ends are clearly defined., However, towards 
the resilin end of the cell, the lateral boundaries become well 
differentiated and the membranes can be seen opposed to each 
other in septate desmosomes. In this region of the cell the 
lateral plasma membranes are contorted but less than in the 
mature adult. The cuter plasma membrane adjacent to the resilin 
tendon is formed into small projections into the inner region 
of the cuticle (fig. 13: A). These projections are the microvilli 
referred to in Chapter II. 
At this stage the epithelial layer is not differentiated. 
The endoplasmic reticulum is sparse and forms a distinct part of 
the cell (fig. 13; A). The cytoplasm is densely packed with 
tree ribosomal granules of 15 - 20 tnt diameter. The general 
lack of differentiation gives the cytoplasm a Qiffuae appearance. 
Scattered within the cytoplasm are a few mitochondria, 
So. 
usually elongated, with distinct cristae and darkly staining 
matrices. Darkly staining lysosome-like bodies are also seen 
randomly distributed within the cytoplasm. 
The nucleus of the 'e - S day pupa is euchromatic with a 
small indistinct mucleolus and the nuclear membranes are ill-
defined. 
The resilin cuticle appears uniform and is more electron 
dense than that of the two-weeks-old adult fly described in 
Chapter II and is possibly composed of a meshwork of fine 
microfibres. 
The sclerotized cuticle epithelium is similar to that 
of the resilin epithelium. The cells of the former are elongate 
with their long axes running in the plane of the cuticle (fig. 
.13: C). The haemocoelic end of each cell is distinct and in 
7 
continuous, contact with the basal, lamina. The cytoplasm has 
a dense population of ribosomal granules • The diffuse 
cytoplasm is interspersed by membranes of the rough surfaced 
endoplasmic reticulum with cisternae of varying sizes. With 
higher magnifications the cisternae appear to be filled with 
fibre-like material of medium contrast (Palade and Siekevitz, 
(1956) and Siekevitz and Palade, (1958a,b). 
The nucleus is more heterochromatic than that of the 
resilin side in a pupa at the same age. The nucleolus is 
distinct with equally darkly staining chromatin material (fig. 
n. r a• C ). 
Group II Pupae (figs. 14; A, B, C). 
51. 
In this group of pupae also, the epithelial layer is 
still very compact and the lateral boundaries between cells are 
still only feebly defined especially at their haemocoelic ends. 
The membranes of the endoplasmic reticulum are well organized 
and in the haemocoelic end of the cell they are arranged in parallel 
stacks with ribosomal granules attached to the side of the membranes 
(figs. 14: A,B). In the cuticular end of the cell the cisternae 
Are sparser, narrower and located randomly (fig! 14: A) • Through-
out, the cisternae are filled with material of moderate electron 
contrast. Free ribosomal granules are also found in abundance 
within the cytoplasm of the group II pupae. Lipid globules are 
found singly or in groups of two usually in close association with 
the membranes of the rough endoplasmic reticulum which are 
arranged in parallel stacks, At low magnifications these lipid 
globules appear to have membranes surrounding them (figs. 14; A,B) 
but at higher magnifications a definite unit membrane structure 
cannot be resolved, however, the globules appear to be enclosed 
or surrounded by a granular structure which has no definite 
arrangement but seems to be organized randomly on the periphéfl 
of each globule (fig, 14: B)., 
Mitochondria have increased in number and in their length 
and now have a different shape (fig.. 14; C). 
The nucleoli of the S - 6 day pupae are not clearly 
defined. The nuclear membranes stain more distinctly than at 
4 - 5 days old and are often formed into evaginations (fig. 14:A). 
52. 
These evaginations become more pronounced in the next stage. 
Group 111 2  Pupae (figs. 15: A,B, C, D, -E). 
As pupation progresses the cytoarchitecture changes 
dramatically. The epithelial layer still retains the compact 
nature, with the lateral plasma membranes still distinct only near 
the cuticular end, The haemocoelic end of the cell is however 
clearly defined and the basal lamina forms a continuous border 
below the epithelium (fig. 15: D). 
The greatest change occurs in the arrangement and development 
of the rough endoplasmic reticulum 	This develops into a complex 
system of dilated cisternae with the membranes arranged in whorls 
(figs. 15: A,B,C,D). 	This peculiar arrangement gives an 
impression of concentric membrane systems but a closer examination 
at higher magnifications shows that each whorl is part of one 
canalicular system which branches profusely throughout the cellr 
Further evidence for this structural integrity appears in regions 
where there are intercommunications between cisternae (figs. '16: --  
B,C). The cisternae are also seen to communicate with vacuoles 
which are filled with low electron contrast material. However, 
by careful observation at higher magnifications, the presence 
of material of medium electron contrast may be seen distributed 
at random within the vacuoles (figs. 15: B,C). 
In certain regions of the cytoplasm afew microtubules 
extend across the epidermis between the muscle on one side and 
the cuticle on the other. The whorl-like endoplasmic reticulum 
is sparse in these regions (fig. 15: B) but the microtubules run 
53. 
between the mitochondria and the vacuoles referred to above. 
The mitochondria are denser, more variable and the cristae 
are compact with a dense matrix. A few darkly staining 
lysosome-like bodies. may be seen scattered within the cell. The 
lipid globules found in association with the endoplasmic 
reticulum of the group III pupae are no longer seen (figs. 15: 
A,B,C,D). 
The nucleus becomes more heterochromatic and the( nucleolar 
region is likewise more distinct and darkly stained, The 
chromatin granules become arranged in small patches along-the 
periphery of the nucleus (figs. 15: A,C). 	The nucleus is also - 
irregular in shape and its membrane has many small evaginations. 
The evaginations of the nuclear membrane and the rough membranes 
of the endoplasmic reticulum are seen at high magnifications 
to be continuous (fig. 15: C). 
The cuticle, both adjacent to the epithelial layer and in 
the deeper regions, is composed of material of medium electron 
contrast, possibly in the form of microfibres but more or less 
undifferentiated (fig. 15: A). 
In the epithelium of the scierotized cuticle in group III 
pupae (fig. 15: E) the cytoplasm is packed with ribosomal granules. 
These granules almost mask the presence of other organelles. 
At higher magnifications., short tubular cisternae of granular 
endoplasmic reticulum may be seen. The complex system of the 
whorl-like endoplasmic reticulum seen on the resilin side of a 
514 
group III pupae cannot be seen in this epithelium. 
The plasma membranes of the .cells are well organized and 
at their cuticular ends are somewhat folded to form septate 
desmosomes. A short distance from the cuticular end of the 
cell the gap between the two membranes becomes wider and the 
junctions lack septa. Towards: the cuticle the plasma membrane 
is formed into sparse but regular microvilli, in between which 
there are seen deep invaginations of the membrane composed of 
material of very low electron contrast. 
The nucleus is somewhat euchromatic and is bounded by. 
distinct nuclear membranes which form short, blunt evaginations .. 
Immediately outside the plasma membrane is the subcuticular. 
space composed of material of very low electron contrast.,,This T 
is followed by a thin layer of electron dense material... The 
major portion of the endocuticle is possibly composed of 
microfibres traversed at intervals by electron dense material 
which give the Bouligand pattern commonly described for insect 
cuticle. 
Group IV Pupae (figs. 16: Al B). 
In the group IV pupae which are near emergence, the cells 
appear to have lost most of their well developed membrane system. 
However, in certain parts of the cells, the whorl-like cisternae 
may still be seen. At this stage the microtubules which were 
sparse in the Group III pupae (fig.. 15: B) are now numerous, 
well organized and oriented towards the tendinous projecttona. 
55..' 
of the main body of the tendon (fig. :16: A). The cytoplasm 
between the microtubules is rich in free. ribosomal granules which 
are probably concerned with the synthesis of the microtubular 
protein. Because of the density of ribosomes and microtubüles 
the other organelles are now less apparent. At higher 
magnifications a few oval or rounded ,mitochondria and lysosorne' 
like bodies can be seen, 
The compact nature of the epithelial layer is stilt retained 
and the lateral plasma membrane between adjacent cells is 
increasingly pronounced. It takes a more tortuous course than 
previously seen in Group III pupae but, obviously not to 
the same extent as that seen in the mature adult fly already 
referred to in Chapter II (figs. 19: A s 20: A,B). 
	11 
The outer plasma membrane is formed into small projections 
towards the cuticle to form the microvilli and the cuticle forms 
long narrow invaginations into the cytoplasm. Immediately 
outside the plasma membrane in the region of the resLlin tendon, 
scattered profiles of microvilli maybe seen sectioned usually 
in the transverse plane. 
In the region of the resilin tendon, the fibrous layer 
which is already referred to in Chapter II (figs. 19: As 
20: A,B) may be recognized as a distinct layer. This layer 
at this stage is less dense and the microfibres are only very 
faintly discernible. This fibrous layer is seen to extend, 
56. 
into the main body of the tendon as well as into the cytoplasmic 
invaginations of the outer plasma membrane. In the region 
of the tendon immediately above the fibrous layer, patches of 
electron dense material of varying sizes and shapes may be seen. 
In higher magnifications the latter reveal the presence of a 
network of microfibres. 
As this stage in the midrib region of the tendon (fig. 16: 
8) there are longitudinally oriented patches of very low 
electron contrast material placed amongst the higher electron 
contrast microfibres. 
One day old adult flies (figs.17z A 2 8 IC,D,EJ). 
In the one day old adult fly, the epithelial layer is 
less compact and the individual cells are discernible as 
• 	distinct entities with well organized lateral plasma membranes 
extending from the haemocoelic end of the cell to the outer 
cuticular 	 . . 
The mcrotubules, though sparse,. are. well organized with 
more electron contrast than is seen 	the, group IV pupae. 
(figs,. 16;.A, 17* 4,8). The whorl-like endoplasmic reticulum 
seen between the developing mScrotubujes in the pupae stages 
is now replaqe4.by smooth membranetbound vacuoles (fig. 17: 8). 
These vacuoles are either compactly.or sparsely packed with 
granules very similar both in size (15 - 20 wit diameter) and 
in their electron densities to ribosomes.. These vacuoles appear 
to be part of the unified canalicular system of the cell, 
57.. 
The structure of the tendon immediately above the outer 
border of the epithelial layer is also greatly altered (fig. 
17: A). The fibrous layer is now more electron dense as 
are the projections into the tendon proper and those within 
the cytoplasmic invagnatiOns of the outer plasma membranes. 
In contrast, the regtons of the tendon between the fibrous 
extensions have now become less electron dense and are 
traversed by material of higher contrast which forms a network 
across the less electrqn dense regions. 
The plasma membranes lining the cytoplasmic invaginations 
are composed of material of, higher electron contrast and show 
the formation of the hemidesmosomes already referred to in 
Chapter II. The haemocoeiic end of the cell in association 
with the muscle has at this stage a highly irregular outline 
and forms deémosomal junctions with the muscle cell (fig. 17; 
B,C). The hemidesmosomes and the desmosomes although organized 
into the distinct entities seen in the mature adult flies are 
however of a lower electron density (figs. 17: A,B,C). 
The . ultrastructure of the muscle-bearing epithelial cell 
of the sclerottzed cuticle is illustrated in (fig. 17: D) and 
the cell structure does not seem to differ very much from that. 
of the resilin side.. The most striking difference is in the 
absence of the membrane bound vacuoles which are seen between 
the fascicles of microtubules on the resilin side. Secondly, 
there is an equal distribution of free ribosomal granules and. 
68 
cisternas bounded by membranes of eridoplasmic reticulum. In 
addition to these free ribosomal granules, granules of slightly 
larger size and different appearance are seen radiating outwards 
from the region immediately outside the nucleus. These granules 
in higher magnifications appear to be composed Of smaller 
subunits and so may beglycogen granules (Perry, 1967). Similar 
granules are seen within the sarcoplasm of the muscle layer. 
The nucleus is somewhat irregular in shape and the 
evitions of its membranes are continuous with the membranes 
of the endoplasmic reticulum (Zig. lii 13-). 	In this the nucleus 
resembles the epithelium adjacent to elastic cuticle of the 
group III pupae (figs. 15: A and C). 
In contrast the fine structure of the non-muscle-bearing 
cells of the sclerotized cuticle show significant differences 
(figs. 17: E,F). 	The adjacent cells meet in straight tight 
junctions which lack septa even adjacent to the cuticle. The 
cuticular end of the plasma membrane is produced into irregular 
microvilli towards the subcuticular space. Between the 
microvilli, oval to spherical structures of medium electron 
contrast are seen and in higher magnifications only some of these 
appear to be surrounded by unit membranes • In the cytoplasm 
of the cell towards the cuticular end of the cell are large 
vesicles of very low electron contrast (fig. 17: E). However, 
scattered within these vesicles are structures very similar to 
those found outside the plasma membrane in the region of the 
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subcuticular space. These vesicles are very similar to the 
multivesicular bodies referred to in other insect tissues 
(Locke, 1965 9 1966 9 1969; Gupta and i3erridge, 1966) and they 
are thought to be part of the cytolysosome system of the cells 
(Novikoff, 1963; Novikoff and Holtzman, 1970). It has not been 
possible to relate such vesicles to the rest of the membrane 
systems of the cell. In high magnifications (fig. 17; 2) 
however, interconnections between the lateral plasma membranes 
and the vesicles may be seen, Lysosome-like bodies are seen 
in close connection with the niultivesicular bodies. 
The nucleus is highly regular and somewhat euchromatic, 
the nucleolus being usually indistinct from the rest of the 
chromatin material. The nucleus is so large that the amount 
of cytoplasm between it and the lateral plasma membrane is 
markedly reduced (fig . 17: F). 
Only scattered profiles of narrow cisternae of the 
endoplasmic reticulum are seen within the cell with a slight 
preferential distribution in the cuticular end of the cell. 
The cisternee are either narrow or vesicular, being filled 
with amorphous material of varying density. Mitochondria 
appear to concentrate towards the haemocoelic end of the 
cell and around the nucleus if the latter is basal in position. 
I have never been able to recognize Golgi profiles and 
they are probably rare.. This condition is not unusual as a 
similar situation is described in the medullary epithelial 
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cells of the rectal papillae (Gupta and Berridge, 1966) or 
they may be merged with the rough membranes of the endoplasmic 
reticulum and so be indistinguishable from them (Weis - Fogh, 
1970). 
Although neither a detailed description nor an 
ultrastructural study of the muscular system has been undertaken, 
it appears from the sections obtained (fig. 17.; C) that the 
muscle tissue in a day old fly is much more organized (as 
seen from the actinomyosin filament structure) than the epidermis 
and the cuticle at the corresponding age and this is borne 
out to some extent by the weight measurements described in 
Chapter IV. 
One week, old adult flies .6 - 6 days old (figs. 18: .A,B). 
The morphological changes observed at emergence from 
the puparium become pronounced. The microtubules which are 
more numerous and better organized now occupy a major part 
of the cell.. The membrane bound vacuoles containing ribosome-
like granules have more or less disappeared, but traces can 
still be seen in regions where the microtu,bules are sparse 
(fig. 18.; A). 
In the region of the tendon, the fibrous layer, its 
extensions into the tendon proper and the cytoplasmic invaginations 
show more electron contrast with distinct microfibres 
arranged exactly as seen in the mature adult fly and 
described in Chapter II (figs, 19: A s 20; A s B, C). 
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In the region of the muscle junction with the scierotized 
cuticle, the structure is very similar to that already referred 
to in Chapter II (fig. 19: fl. At this stage, when the 
synthesis of the procuticular material is nearly complete 
(to be described in the next Chapter), the reticulum consists 
of a few scattered vesicles and some rod-shaped tubules. Smooth 
membrane bound vesicles are seen as infoldings of the lateral 
plasma membrane. The glycogen-like particles are no longer 
seen. The ribosomal granules are greatly reduced in density.' 
Towards the cuticle the microvifli of the outer plasma membrane 
are still seen as distinct entities unlike those on the resilin 
side (fig. 10: A). 
14 - 16 days old adult flies (figs. 19: A,B 1C,D.Ej,G). 
The fine structure of the epithelial layer adjacent to 
the cuticle/resilin with the attached muscle fibres of a 
nearly 2 weeks old adult have already been described in Chapter 
Ii. The major portion of the epithelium is occupied by 
microtubules and the nuclei are located along the cell margin. 
The lateral boundaries between cells are fully organized from 
the haemocoelic to the cuticular end of the cell. The nuclei 
are heterochromatic with distinct nucleoli. The main body of 
F 
	
	 the tendon is composed of the two chemical components (already ,  
referred to in Chapter II) and these are now well organized. 
In the midrib portion of the tendon (fig. 19: E) the 
remants of the pupal tendon appear to have collapsed or fused 
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leaving behind their scars. 
2 - 28 days old adult flies (figs. 20: A,B,CD). 
The fine structural changes observed in a 3 week old 
adult fly relate to cell organelles rather than to those 
structures directly concerned with flight.. The plasma membranes 
between adjacent cells are now extensively folded and contorted. 
In addition, the lateral plasma membranes are produced into 
a number of vesicles along the cytoplasmic surface of the cell. 
These vesicles are filled with material of very low electron 
contrast. In the region of the cytoplasm that does not contain 
microtubules, greatly elongated mitochondria are seen arranged 
in longitudinal rows. Mitochondria are also concentrated 
along the lateral borders of the muscle-epithelial junctions,.. 
The nucleus has become more pleomorphic (Glicksmann, 
1951), with an increase in chromatin material and hence is 
more electron dense. These chromatic granules spread out in 
larger patches along the periphery of the nucleus • The nuclear 
membranes are less distinct. The condensing chromatin granules 
in the nucleoplasm also increase in number and density. The 
nucleolus is still distinct from the rest of the chromatin 
material. 
In the region of the tendon, the fibrous layer and its 
extensions on both sides stand out as a heavy electron dense 
region against the lightly stained resSlin portion and the 
partly disorganized cytoplasm of the epithelial cell. The 
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region of the resilin tendon is traversed by an intensive 
network of microfibres. The plasma membrane forming the 
hemidesmosomal junctions with the cuticle and dosmosomal 
junctions with the muscle layer is composed of very heavy 
electron dense material. 
42-50 days old adult flies (fig. 21;. A). 
In this group of flies, changes in the cell organelles 
and possibly chemical changes in the .restfl., tendon, seem to. 
have taken place. In the region of the cytoplasm the 
micretubules appear less distinct and, in regions where there 
are no microtubules, elongated mitochondria-like structures 
are seen. These have a distinct double membrane around them 
but the cristae are hardly recognizable. The few scattered 
vesicles of the reticulum also seem to have lost their attached 
2 
ribosomé]. granules. The plasma membrane between adjacent 
cells especially towards the cuticular end of the cell is 
produced into tight whorls. The vesicles associated with the 
lateral plasma membranes in 2 - 3 week old adult flies are very 
few or hardly recognizable. 
The most dramatic changes seem to have taken place in 
the region of the resilin tendon and as suggested above v these 
may reflect changes in its chemical composition. The fibrous 
region of the tendon seems to have lost some of its electron 
density. Its extensions into the cytoplasmic invaginations 
no longer have their microfibres oriented in any definite pattern. 
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The extensions of the fibrous layer into the tendon proper are 
also no longer discernible as definite structural entities. 
75 - 80 days old flies (fig. 22:A). 
As the flies become very old, disorganization of both 
the tendon and the epithelium become greater.. . The microtubules 
are less distinct and are quite often overlaid by spaces of 
very low electron contrast which are not bounded by membranes i:--
Similar patches also appear to extend into the ten4inous, 
projections. In the region of the fibrous layer and immediately 
outside the plasma membrane, an increasing number of similar 
blebs of varying sizes may be seen. The fibrous layer is less 
electron dense but the rest of the tendon is composed of 
material of high contrast very.similar to that seen in the young 
pupae. 
The nucleus is highly irregular with distinct nuclear 
membranes. Observations from several micrographs reveal the 
presence of heavily scierotimed chromatin material occupying 
a larger part of the nucleus.. The nucleolus is less electron 
dense and, in some cells nuclei seem to be elongated. The 
heavily folded lateral plasma membranes may be traced down to 
the evaginationa of the nucleus. 
Discussion 
The present electron microscopic studies on the development 
of the elastic tendon Suggest that there are progressive 
uitrastructural changes of the flight structures up to 1 - 2 
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weeks after adult emergence followed by regressive changes: in 
the older flies.. These structural changes may account for 
the age related changes in the flight pattern observed by 
earlier workers (Chadwick, 1953; Levenbook and Williams, 1956; 
Roth, 1948; Schneirla, 1948; Yurkiewicz and Smyth, 1966; 
Tribe, 1966). 
The differences in the intensity of staining with m.-b,. 
observed in the different age group (pupae to very old flies). 
Ss&an indication of the amount of resilin present i 
1300 ..3it1 WS.Lb 	rlJ1. .aU A4SI a-as, 14). 	The changing 
morphological pattern observed during the corresponding stages 
at the ultrastructural level is in good agreement with the 
above data. 
The changes observed both in the epithelium and in the 
region of the tendon could be regarded as preparation artifacts 
but the use of different methods (Table II: A s B and C) 
demonstrates that no particular structural change is correlated 
with a particular preparation procedure. Material prepared 
from different cultural stocks of the same age group always 
gave the same structural features • Hence the changes described 
above are dependent on the age of the insect, rather than on 
some artifact. 
In the very young pupae (group I figs. 13; A,C) the 
cytoplasm contains a dense distribution of free ribosomal 
granules which is a condition described for other developing 
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tissues (Bennett and Glenn, 1970; Bennett et al, 1970; Howatson 
and Ham, 1955; Karrer, 1960 a,b and Mou1 2 1964). 	The increase 
of the rough membranes of the endoplasmic reticulum with 
associated vacuoles is very similar to that described during 
development in other systems (Palade, 1956 and Karrer, 1960 b) 
except that in this case the membranes are arranged in whorls. 
The correlation between the difference in the intensity 
of the staining of the whole tendon and development of the 
membranes of the endoplasmic reticulum of particular age group 
of pupae and adult flies enables one to relate these changes 
to protein synthesis and to the quantity of synthesized proteins 
present in the tendon. It is now known that the rough membranes 
F 	
of the endoplasmic reticulum proliferates during developmental 
stages (Bennett and Glenn, 1970; Bennett et al, 1970; Karrer, 
1960 a,b; Tata, 1968; Mou1, 1964) and this increase in the 
membrane system is associated with an overall increase in 
protein synthesis (Zamboni, 1945; Bennett and Glenn, 1970; 
Tata, 1965 s 1967, 1968). 
Most of the intracellular membranes disappear between 
the late pupa and the first day of adult life, but instead the 
dilated vacuoles which were originally, filled with material 
of low electron contrast become filled with ribosome-like 
granules Of high electron contrast. This change is probably 
achieved by a molecular rearrangement of the contents or by 
uptake of material into the vacuoles. In this context it is 
worth considering the work done in other developing tissues 
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(Andre and Rouiller, 1957; Brandes and Portela, 1966; 
and Rebhun, 1956). The changes observed by Karrer (1960 b) 
are especially interesting and parallel those observed here. 
According to him the membranes of the endoplasmic reticulum 
become dilated to form vacuoles and this morphological 
differentiation reflects the gradual segregation of the 
synthesized proteins within the cistenae, 




nucleus also seem to correspond with changes in the synthetic 
activity of the cell. A change from euchromatism to 
heterochromatism of the nucleus has been observed from 
developing liver cells of the amphibian (Bennett and Glenn, 
1970). Most of the literature available in this field relates 
either to sex chromosomes or to isolated cell cultures. 
Therefore simple generalizations about the functional state 
of the nucleus cannot be made. However, it has been suggested 
that heterocbromatin may regulate cell growth and size, 
particularly during development (Barigozz.i, 1951) and similar 
cell characteristics (-Barigozzi and Pasquale, 1953). 	It is 
also known to have a quantitative effect on cell metabolism 
BarigozZi, 1951; Zamboni, 1965 and Bennett and Glenn, 1970). 
• 	The last mentioned idea is borne out by the weight changes 
observed in the resilin tendon ( Chapter IV). Increase in 
chromatin material is also associated with the processes of 
ageing and cell death (Bellairs, 1961; Manasek, 1969 and 
Saunders and Fallon, 1950) and this is exactly what is seen in 
II 
the very old flies. The increase in the chromatin material 
at this age probably reflects the control by the nucleus of 
some enzyme synthesis that may bring about the resorption of 
cuticle (Chapter IV)- 
The morphology and relative distribution of mitochondria 
is also interesting • An increase in the number of mitochondria 
observed as pupation proceeds is similar to that described from 
active epithelial cells by earlier workers (Lennie and flirt, 
1967 and Wigglesworth, 1957), The membranes around the 
mitochondria by 21 - 28 days of adult life are distinct but 
the cristae and matrix appear disorganized. It is not possible 
to say from electron micrographs alone whether this represents 
actual disorganization of the mitochondria with ageing or is an 
artifact of fixation. However in the same group of flies in 
certain parts of the cell especially towards its haemocoelic 
end bordering the muscle, mitochondria with narrow but compact 
cristae may be seen. 
Perhaps the most convincing evidence for the importance 
of the structural organization in modifying the flight pattern 
is seen in the changes taking place in the region of the resilin 
tendon. From ultrastructural observations, the mechanical 
strength of the fibrous layer in the young fly will be less 
initially but increases in the mature adult flies and drastically 
decreases in the very old flies, 	it is this fibrous layer 
which extends into the epithelium and the main body of the tendon 
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and provides for greater strength in an otherwise mechanically 
weak matrix. The incomplete formation of this fibrous layer 
in the young fly or its breakdown in the very old flies probably 
results in a mechanical weakening which would inevitably be 
reflected in a reduction in the ability to fly. 
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Chapter. IV 
Effects of diet, medial neurosecretory cells and the corpus 
allatum on the deposition of elastic and sclerotized cuticle. 
H Introduction 
A series of experiments was undertaken to examine the way 
in which the deposition of cuticle in the adult fly is controlled 
and how far the mechanism may be related to that involved in 
other processes of growth and metamorphosis. 
Materials and Methods 
Experiment I 
Effect of diet on the deposition of sclerotized cuticle, elastic 
cuticle and muscle in the blow-fl-Y. 
From the work of Fraenkel (1935 ab), it is known that 
Calliphora females fail to develop their ovaries if protein is 
omitted from their diet, but that they continue to live if sugar 
and water are ingested. Thomsen (1940 9 1942 9 1952) and 
strangeways - Dixon (1961 9 1962), established a relationship 
between diet, hormones and reproduction. 
Newly emerged flies were divided at random into two groups 
with 500 or more in each. One group was given a normal diet, 
which consisted of meat, sugar and water (Meat flies) and the 
other, only sugar and water (Sugar flies). These flies were 
kept originally for two months but subsequently only for 6 weeks 
(for reasons which will be shown duflng the course of this chapter). 
The rearing temperature was 25 0  C  with a 12 hour light - 12 hour 
dark cycle. 
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After periods of 1 day, 1 0 2 0 3 9 4, 5 and B weeks from 
emergence, a fixed number of female flies was taken at random 
from each culture etherised and dissected for examination of the 
ovaries, corpora allata and fat body cells. The following 
tissues were dissected out; 
(a) Resilin tendon with the pleurotargal muscle. 
(N Resilin tendon without muscle. 
2nd abdominal sternite and 
2nd abdominal tergite. 
The tissues were dried in an oven at 60 °C to a constant 
weight in pro-weighed aluminium pans. The Weights were taken 
on a Calm Gram Electrobalance. Due to the small size of the 
pleurotergEl muscle and resilin tendon it was found necessary 
to weigh them in batches of $ and the weights quoted subsequently 
are for the batch, not for the single muscle or tendon. 
The pleurotergal muscle with its resilin tendon and the 
tendon alone were also dissected from pre-emergent adults and 
weighed as above in order to compare tissue weights from the 
pupae to the very old adult stage. 
Results 
The mean weights of the resilin tendon, with and without 
muscle, and of the sclerotized cuticle in the two groups of flies 
are given in figs. 23.9 ,24 1$ 25, 26, 27. 	Originally weighings 
were made of tissues from flies that survived longer than 6 weeks, 
but as the weights observed at 6 weeks were very similar to the 
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weights observed from flies surviving to 2 - 21 months, flies 
were subsequently kept for 6 weeks only. 
With both sugar fed and meat fed flies, the weights of 
the sternal plate increased significantly over the first two 
weeks of adult life. Thereafter the weight of the sternalpiate 
remained more or less constant to five weeks - but fell by the 
sixth week of adult life to a weight that did not differ 
• 	significantly with either diet from that at 1 week (fig, 23). 
• On the other hand the weight of the tergal plate which increased 
• 	during the first week remained constant to week 4 and then fell 
significantly to week 6 in the meat fed and sugar fed flies 
(figs. 23 0 24), 
The weight of the sclerotized cuticle in meat fed flies 
was significantly greater than that of sugar fed flies bitweeü 
weeks 1 and 6. Although the weight of the cuticle fell between 
the fourth and sixth weeks, it did not fall to that for a newly 
emerged fly and the final weight in the meat fed flies was 
greater than in the Sugar fed flies 
It is noteworthy that the increase in weight in the first 
2 weeks of adult life was greater in the meat fed flies but the 
decrease in weight between weeks 4 and 6 was similar with both 
diets. 
A similar pattern was observed for the resilin tendon: 
(fig. 26) but the weight of muscle after the initial increase 
during the first week in sugar fed flies or during the first 2 
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weeks in meat fed flies changed very slightly (fig. 27). 
Observation and/or measurements of the size of oocytes, 
corpora aflata and fat body cells were also made from flies 
14 days old for purposes of comparison in the later experiments* 
In the meat fed flies the mature oocytes measured from 
1,40 - 1.50 mm, while in the case of sugar fed flies the range 
is from 0.128 - 0.186 mm. 
The average diameter of the corpus allatwu varied in the 
two groups. No attept was made to measure the volume of the 
corpus allatum. The shape of the corpus aflatun does not vary 
with age and is almost spherical, It is then justifiable to 
consider its relative volume in terms of its diameter in the 
transverse plane. 
With meat fed flieth the diameter was 0.126 ± 0.012 rum 
while with sugar fed flies it was 0.092 ± 0.006 mm at 2 weeks. 
The volume of the corpora allata in the meat flies was thus 
2.1 times that in the sugar flies. 
The oonditionof the fat body cellè also varied in the 
two groups6fflies. Inthe case of the meat fed flies there 
was initially an increase in the size of the fat body, but this 
was found *Ô dIätMàé gradually and this óóinctdëd with the 
development Of the eg àÔIXS. In other wor'ds the fat body cells 
appeared to slow a cyclic activity, In the case of the sugar fed 
flies, the fat body cells were sparse and the few cells present 
were snail and tranSparent. The trànspàróncy is usually 
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associated with a low quantity of stored food materials like 
glycogen, fat and proteins (Thomsen, 1952). 
Experiment II 
Extirpation of the medial neurostoretory cells of the brain and 
its effect on the deposition of elastic cuticle. 
Newly emerged adult females were used in this study. 
Thomsen (1940, 42 and 52) and Strangeways Dixon (1961, 1962). 9  
working on Cafliphora erythrocevhala, have shown that the ovaries 
do not develop in-the absence of the medial neurosecretory cells 
of the brain, This is made use of as an assay, for the success 
of the operation performed in this experiment, 
In the adult Calliphora erythrocephala, the neuro-secrCtory 
cells of the brain are arranged in two groups, the medial and 
lateral groups of cells (Thomsen,. 1952). The medial neüro-
secretory cells (HNC) are further arranged in two smaller groups, 
which are very close to each other in the middle, region of the 
pars intercerebralis of the brain. The second group of cells 
are placed along the sides of the brain; these cells are much 
smaller and fewer in number.. The neuro-secretory cells may be 
easily recognized in the dark-ground illumination. Under such 
conditions, the cells appear blue (Tyndall's blue), The cells 
contain minute particles which are capable of scattering the short 
wave lengths of light (Wigglesworth, 1970). 
The operation was carried out according to the method of 
Thomson (1952). The anaesthetised 'if lies were kept in position 
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in a solid watch glass with plasticine. The posterior and of 
the head was exposed by bending the head forward. The cuticle 
in the posterior dorsal and of the had was split longitudinally 
on both sides, this out was later joined anteriorly by a 
transverse slit. The cuticle with its attached epidermis was 
then folded back and tucked in under the thorax, The exposed 
neuro-secretory cells were cauterized with an electric wire, 
supplied through a transformer at 4 - 6 volts A,C. The iattek 
part of the experiment was carried out according to the method 
used by Hill (1962), After the operation the cuticle with its 
attached epidermis was slipped back into position and sealed 
with hot plasticine. A parallel control operation was performed 
on females of the same age and from the same batch of pupae. In 
this case the brain was exposed in the same way, but the neuro-
secretory cells were not cauterized. Both the operation and the 
operated control flies were reared under the same laboratory 
conditions as in experiment I. 
A third group of females from the same batch of pupae 
were also reared under the same laboratory conditions. These 
flies were given only sugar and water instead of the normal 
meat diet. 
At the end of 12 - 14 days, 25 flies from each group were 
removed, dissected and the state of the development of their 
corpora allata, fat body cells and ovaries was examined. 
The pleurotergal muscle with its resilin tendon was 
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dissected out, and weighed as in experiment I. 
Results 
The weight of the muscle-tendon and tendon alone from the 
operated and operated control flies is 	in figs. 25 1,26. In 
flies deprived of their medial neuro-secretory cells the weight 
of the tendon and of the muscle was very stgnificantly, smaller 
than in the meat fed flies of the same age group, (p0,001) but the 
weight is not significantly different from that of the 1 day old  
flies or the sugar fed flies of the same age group. In other 
words., in the flies deprived of their medial neuro-secretory 
cells, the resilin tendon and the muscle did not increase in 
weight. 
Amongst the 80 experimental flies, 30 flies died during 
the experiment and 15 of the remaining had partly or fully 
developed ovaries • The mortality rate within the operated 
control was much lower; 25 out of the 30 flies survived, although 
5 of these did not have their ovaries fully developed. These 
flies together with the is from the operated group with ovaries 
present, were discarded. 
It was considered possible that the operation might affect 
the ability of flies to feed normally but on examination, the 
mid-gut was always found to contain reddish liquid (meat) in the 
lumen. Both groups of flies therefore appeared to be feeding 
as usual. 
In the female flies deprived of their medial neuro-seoretory 
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cells, the fat body cells were much smaller and were somewhat 
transparent, the transparency probably being due to reduced 
food reserves or reduced synthetic activity within the cells. 
The operated control flies had fat body cells very similar to 
those of the normal egg-laying females. The fat body cells 
of the meat fed egg-laying females showed a cyclic activity, 
but they were never sparse and scattered as in the sugar fed 
flies. 
The oocytes of the experimental flies were much smaller 
and similar to those of the sugar fed flies. The individual 
oocytes measured between 0.12 and 0.18 nun in length. The 
operated control flies started to lay eggs by the seventh day 
after the operatioxq no further observations were made on the 
state of their ovaries. 
The corpora aflata in the female flies deprived of 
their medial neuro-secretory cells had a• diameter of 04083 ± 
0.010 mm but were significantly smaller, than those of the 
sugar fed flies (0.092 ± 0.0086 mm) while the diameter of 
those of the operated.controls (0J16 4 0.014 mm) was far greater 
than in the experimental flies but of the same order as those 
in the meat fed females in experiment I (0.126 ± 0.012 nun). 
Experiment III 
QrowSkpL$hffi cuticle and muscle in allatectomized females. 
The secretion of the corpus allatum in Calliphora 
erytbrocp1iala is essential for normal development, but it has 
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a lesser effect on protease activity (Thomsen and Holler, 1959 0  
1963). In the absence of ovarian growth, the fat body cells 
hypertrophy and this is used here as an assay for the success 
of the experiment. 
In the newly emerged female fly, the ring gland, according 
to Thomsen (1952) and Thomsen and H011er (1963), comprises the 
corpus aflatwa, the side lobes (thoractc glands) and the corpus 
cardiacum fused with the ganglion hypocerebrale, The thoracic 
/ 
glands degenerate during adult life; but the corpus cardiacum 
• 	and the. corpus allatum are both retained in the adult.,, 
The ring gland, in the very young adult female (4 - 8 
hrs. old) is found dorsal to the oesophagus in the region 
• 	connecting the neck with the prothorax. It is thus possible 
to remove the corpus allatum with only slight damage to the 
surrounding tissue. The operation was carried out according 
to the method described by Thomsen ( 1952). The etherized fly 
was iceptin position in a solid watch glass containing plasticine, 
with the head gently pulled forward. (This causes the ring 
gland to be pushed forward).. In this stretched position, a 
longitudinal slit was made through the cuticle in the region of 
the neck. The small neck muscles were displaced to one side and 
the corpus allatum revealed below.. The corpus allatum is fixed 
to the ring gland by nerves which were carefully cut through 
before the gland was excised.. After the corpus allatum was 
removed, the muscles were pushed back into position, but the 
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wound was not sealed. 
Groups of operated control and sugar control flies were 
also set up from the sane batch of pupae under the sane 
laboratory conditions as in experiment II for 2 weeks. At the 
and of this period, 25 flies from the sugar culture and the 
surviving flies from the experimental and operated control 
groups were dissected and examined for the state of the 
development of their ovaries and fat tody cells, 
The pleurotergal muscle and resilin tendon were dissected 
out dried and weighed as in experiment I. 
Results 
Only 28 out of the 60 experimental flies and 25 out of 
the 'eQ operated control flies survived during the experiment.. 
Of the surviving experimental flies, 5 had only fully or partly 
developed ovaries, while two of the operated controls did not 
have mature ovaries.. These flies were discarded, as in these 
cases the operation was considered to be unsuccessful by Thomsen' s 
Criteria (1952). The gut was examined in each case, and only 
those flies that had meat (in the form of reddish liquid) within 
their lumen were used for weighing. 
The allatectomized flies had larger fat bodies with 
remarkably hypertrophied cells while those of the operated controls 
appeared normal, 
The weights of the pleurotergal muscle with resilin tendon 
and of the tendon alone in experimental and operated control flies 
are given in figs, 25, 26, A T'-test on the weight of the resilin 
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tendon and muscles showed that in allatectomized flies the 
increase in weight of both the tendon and muscle was significantly 
lower than that in the meat fed flies of experiment I or of 
the operated control flies of experiment III. However, the 
resilin tendon/muscle weights in the aflatectomized flies was 
significantly greater than in flies of the same age deprived, of 
their medial neuro-secretory cells, and in sugar fed flies of 
experiment I, II and In, This suggests that the corpus allatum 
•exerts some influence on the post-imaginal cuticular growth 
processes but not that of the muscles, 
Experiment IV 
Growth of the elastic cuticle and muscle in female flies deprived 
of their medial neuro-secretory cells but with transanted corpora 
cardiaca-allata complexes. 
Thomsen and HSller (1959, 1963) have shown that protean 
activity of females deprived of their medial neuro-secretory cells 
was low, but with implanted corpora cardiaca-allata complexes 1 
the protease activity was almost completely restored ,.. If this is 
so, the implantation of the corpora cardiaca-allata complex into 
females should bring about an increase in the growth and/or 
deposition of the pleurotergal muscle and the tendon used in this 
study, 
The medial neuro-secretory cells were removed as in 
experiment I.. These flies were kept under normal laboratory 
conditions but on a sugar-water diet for 2 days (for reasons shown 
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by Thomson and Holler, 1963). At the end of this period, two 
active corpora cardiaca-allata complexes from 3 - k day old 
adult female flies were implanted into the abdomen of each fly. 
The second operation was also carried out according to the method 
described by Thomson (1952). 
An incision was made in the hind part of the third abdominal 
segment, the corpora cardiacaallata complexes were grafted into 
the abdominal cavity, and the wound sealed with hot plasticine, 
care being taken not to damage the neighbouring spiracle. 
In experiment II, it has already been shown that the 
deposition and growth of the rosilin and muscle in the operated 
control flies is only slightly less than in the normal meat fed 
flies (fig. 25,26). A group of control operated flies was 
therefore not set up as it was thought to be unnecessary. A 
group of sugar fed controls was however set up, from the same 
batch of pupae for purposes of comparison. The operated flies 
were reared on 'a diet of meat, sugar and water as in the previous 
experiments. 	. 
At the end of two weeks, the :davelopmont of the ovaries 
and the condition of the fat body cells were examined in the 
operated group. The flies that had partly or fully developed 
ovaries were used for the weight measurements as in experiment .1, 
II and M. Out of 50 survivors in experiment II only 15 partly 
showed development of the ovaries but out of 20 survivors dissected 
in this experiment, all showed ovarian development. It thus 
82. 
appears that the operative procedures were successful and that 
results reported here cannot be ascribed to failure of the 
first operation. 
Results 
In these double operated flies, the mortality rate was 
• 
	
	high as in the case of the allatectomized tiles, About 20 out 
of the 70 operated flies survived after the second operation. 
• 	- Thirty of. the flies deprived of their medial neuro-secretory 
cells died before the second operation, Twenty more flies 
died during the course of the experiment. 
Nearly all the flies used for weight measurements had 
mature oocytes and their fat body cells did not show any marked 
hypertrophy and were similar to those of a normal egg-laying 
female of the same age. 
Figs. 25 26 show the weights of the resilin tendon and 
muscle of the double operated flies at 2 weeks old and 12 days 
after the second operation. The transplanted corpora allata 
induced significant growth of muscle and tendon. The weight 
of these tissues was only slightly less than in the normal and 
Sham-operated controls and very much greater than in the flies 
without medial neuro-secretory cells (Experiment II) or in the 
sugar fed controls. 
Experiment 'V 
Growth of the elastic cuticle and muscle in digging flies. 
The most remarkable feature of normal growth according 
En 
to Wigglesworth (1954) is the synchronization and co-ordination 
of the process in all parts of the body. 
After emergence from the puparium an adult blow-fly digs 
itself out of the medium, swallows air and expands its wings. 
This process takes about 30 minutes to complete. This is followed 
by hardening and darkening of the cuticle (Fraenkel, 1936b). 
These two processes may be delayed by several hours if flies 
are kept digging continuously (Cottrell, 1962 a,b,c; Fraenkel 
and Hsiao, 1962, 1963). 	The processes of hardening and darkening 
are also shown to be under the control of the endocrine and - 
nervous systems. Wigglesworth (1954) suggested that a series 
of hormonal signals might be produced as one phase of growth 
succeeds another and that the neuro-secretory cells may form 
the main centre producing these signals. 
In experiment V the flies were kept digging in sawdust 
or narrow capillary tubes for a period of 12 - 18 hours from 
the time of emergence and were then released and reared in the 
laboratory under normal conditions ( described in Chapter II). 
At the end of 10 days the weight of the resilin tendon and of 
the muscle is compared with those in normal meat fed flies of 
the same age. Very few of the experimental flies survived beyond 
10 days so flies were dissected at 10 days. 
Results 
In this experiment an almost complete arrest of growth 
and deposition of muscle and cuticle was observed. The weight 
814. 
of both resilin and muscle was not significantly different from 
that in flies deprived of their medial neuro-secretory cells and 
in sugar fed flies of the same age (figs. 25,26). The weights 
in the digging flies at 10 days and in the newly emerged flies 
of this experiment and of experiments I, II, III and IV did not 
differ significantly. 
In this experiment the male survivors outnumbered the 
females and none of the surviving females had oocytes that 
measured more than 0.10 - 0.12 mm its length., 
The corpora aliata in both the females and males were 
very small, 0.072 ± 0.006 mm diameter and were significantly 
smaller than those of the sugar fed flies and of the flies 
deprived of their medial neuro-secretory cells. The guts of 
the digging flies were examined for meat (in the form of red 
liquid) and sufficient quantities of it was found in the gut. 
Therefore these flies fed normally but were probably unable to 
use the food for growth. 
Transfusion of active blood into flies that have been 
kept digging is known to produce normal hardening and darkening 
(Cottrell, 1962 a,b,c; Fraenkel and Hsiao, 1962, 1963). 
Experimental transfusion was found to bring. about some hardening 
and darkening but did not affect growth processes; the size of  
ovaries and corpus allatum and the weights of tendons and muscle 
was the same as in uninjected digging flies. 
The results of this experiment suggest that activation 
of the medial neuro-secretory cells only occurs when normal 
85. 
expansion and tanning take place and that the sequencing of this 
activation is under nervous rather than hormonal, control. 
Discussion 
The data presented in this chapter confirm the idea 
suggested in Chapter III that structures associated with flight 
like the cuticle and muscles continue to grow or be deposited 
for approximately 10 - 14 days of adult life. 
It has long been known that the hormone ecdysone 
brings, about growth (Biicher, 1965; Wigglesworth, 1954, 1957 9 
1959) 	The same hormone systems that are important in larval 
development and reproductive development of the adult are here 
found to be responsible for the growth of the cuticle and muscle 
after adult emergence. 	Bücher (1985) while working on Locusta 
migratoria suggested the possibility that the hormone ecdysone 
triggers the final development of adult structures particularly 
of muscle, foundations for which have been laid down in the 
early developmental stages. 
The differences in the growth processes of the 
muscle, cuticle and other structures in the sugar fed and meat 
fed flies suggest that these differences are not purely 
nutritional but possibly of hormone control. The importance 
of hormone control of growth is borne out by the results obtained 
from flies deprived of their hormone systems by operation or 
when these are made inactive as in the sugar fed and digging 
flies. 
Hormones are known from many studies to exert their 
SSa 
effects by influencing metabolism (for review see Wigglesworth , 
1970), Lea and Thomien (1962) have shown the importance of meat 
diet to activate the corpus allatum which in turn triggers the 
medial neuro-secretory cells to produce the hormones necessary 
for protein synthesis ant the latter is one of the important 
piocesses by which growth is brought about. 
The relation between growth (protein synthesis) and 
the brain hormone is known from the work of Dadd (1956, 1961). 
His findings suggest that the hormoneS which are normally 
expected to bring about the developmental changes in the young 
insect play a different role in the adult and stimulate the 
secretion of enzymes which are essential for the process of 
digestion. In this way they influence the growth process in 
older flies. 
Since then there has been considerable interest in 
the control of protein synthesis by hormones, but this has 
mostly been concerned with reproductive structures (for review 
see Wigglesworth, 1970). 	In flies deprived of their medial 
neuro-secretory cells and in the digging flies, the retarded 
growth of both muscle and cuticle appears to be very similar 
to the suppression of egg development in blow-flies which are 
deprived of their medial neuro-secretory cells. This idea is 
further substantiated by the transplant experiment, where a 
transplant of the corpus cardiacum-allatum complex into females 
deprived of their medial neuro-secretory cells appeared to 
87. 
provoke growth and deposition of cuticle and muscle. Additional 
evidence that the brain exercises control over the endocrine 
system in the blow-fly is obtained from the experiment with 
digging flies. In these insects the medial neuro-secretory 
cells are considered to be dormant, possibly because they have 
not been activated in the normal way, and the results suggest 
that the entire endocrine system also remains inactive. 
II 
	
	 Allatectomy on the other hand, appears to have little 
effect on muscle or cuticle growth and deposition. This is 
expected since the corpus allatum hormone in the adult is 
generally regarded as a vit.ellogenic hormone. 
In this study an interesting parallel has been shown 
between the factors that control reproduction and that of the 
development of the flight structures in the adult fly. However, 
it has not been possible to show the mechanism by which the 
decrease in weight of elastic/aclerotized cuticle (the decrease 
in muscle weight is not significant) is brought about in the 
very old flies. Perhaps the hormones that are responsible for 
general growth of the early stages in the life of the fly are 
equally important in bringing about a resorption of the same 
tissues in the very old flies. This is an interesting field 
and needs investigation but operations are rather difficult to 
carry out in very old flies. 
In this context it is worth recalling the structure 
of the epithelium of the 3 - 10 week old flies (Chapters 
II and III figs, 20: C, 22: A). 	The nucleus in a three-week-old 
8W.. 
fly is somewhat regular with a patchy distribution of chromatin 
material while in the very old flies it is highly heterochromatc.. 
It is also very similar to that of the group III pupae (Chapter 
III, figs,. 15:. A,C).. Reterochromatsm is associated with 
ageing and cell death (Bellairs, 1961;. Manasek, 1969; Saunders 
and Fallon, 1960); on the contrary there are others who associate 
heter'ochromatism with metabolism. (Bennett and Glenn, 1970; 
Commoner, 1964).. It is possible that in the very old flies thà. 
highly heterochromatic nucleus is in some way influencing cell 
metabolism and bringing about the resorption of the cuticle. 
Although these resemblances are seen between the developmental 
stages of vertebrate embryonic cells and the developing epithelial 
cells of the flieé, it seem rather unrealistic to draw any 
conclusions from. the ebsevations made in this study. 
TABLE IV: A - Diameter of Corpus Allatum in Calliphora 
Treatment Mean 




126.68 3.23 25 V.S. V.S. 0.01 V.S. V.S. 
Sugar 92.92 1.71 25 - V.S. V.S. Not V.S. Fed 
- Mnc 83.36 2.04 25 V.S. 
 
- 
- V.5. 0.01 
Mnc op. 
- 
115.08 2.84 25 - - - V.S. V.S. Control 
-Mnc sugar 1.52 25 - - - - V.S. 
control 





V.S. indicates a probability below 
0.001 
Explanation of figures 
Fig. 23 	Graph showing the weight of the 2nd tergal plate 
against the age of the flies. The points show 
the means of 5 samples and the bar lines show 
95 per cent confidence limits of the means. 
Fig. 24 	Graph showing the weight of the 2nd sternal plate 
against the age of the flies. The points show 
the means of 5 samples and the bar lines show 
95 per cent confidence limits of the means. 
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Explanation of figures 
Fig. 25 	Graph showing the weight of S tendons with muscle 
against the age of the flies. The points show 
the means of 5 samples and the bar lines show 95 
per cent confidence limits of the means. 
Key 	• ! normal flies fed different diets 
S 	
operated experimental flies as specified. 
f—O--I flies kept digging for 12-18 hours after 
emergence. 
Fig. 28 	Graph showing the weight of & tendons against the 
age of the flies. The points show the means of 
5 samples and the bar lines show 95 per cent 
confidence limits of the means. 
Key as above. 
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Explanation of figures 
Fig, 27 	Graph showing the weight of muscles from 5 tendons 
against the age of the flies. The points show 
the means of 5 samples and the bar lines show 
95 per cent confidence limits of the means. 
The points for this graph were obtained by 
subtraction of the weight of the tendon from 
that of the tendon and muscle as in figs, 24, 
25. Symbols as in figs. 23 and 25. 
Meat flies 0-0 
30 
	
Sugar flies 0 • • .0 
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Ultrastructure of the epithelum and the resilin tendon following 
endocrine control. 
Introduction 
This chapter deals with the ultrastructural changes 
observed in the epithelium and the resilin tendon after the flies 
have been rendered endocrinotogically abnormal by operation or 
made physiologically abnormal by being kept on a sugar diet or 
kept digging for a long and continuous period of 12 - 18 hours 
from the time of emergence. 
In Chapter IV it was shown that hormones to a certain 
extent control the growth and deposition of the resilin tendon. 
Thi's investigation was undertaken to elucidate the ultrastructural 
changes brought about to hormone deficiencies. 
Materials and methods 
The medial neuro secretory cells were operated exactly 
as described in Chapter IV; these flies, the digging flies and 
a third group on sugar-water diet were all reared under the same 
conditions as described in Chapter II. Tissues from these 
experimental flies were fixed for electron microscopy according 
to the method Table II; A. Sections were obtained, examined and 
photographs taken as described in Chapter II. 
Results 
Sugar fed flies 





adjacent to the resilin tendon. The epithelium of these flies 
differs morphologically from that of normal meat fed flies of 
the same age. (Compare this figure with flies of the same age 
Chapter II 19: A). For example, profiles of cell organelles 
are not particularly prominent either between the microtubules 
or along the lateral borders of the individual cells and the 
cytoplasm between the microtubules appears empty and less electron 
dense, Frequently membrane bound spaces are seen filled with 
electron dense material. There is also a dense concentration 
of glycogen-like particles along the outer cuticular end of the 
cell. Similar particles are also concentrated along the 
peripheral regions of the tendinous projections. 
The nuclei are normally located along the lateral 
margins of the cells • These are regular and heterochromatic 
with the chromatin material concentrated in patches along the 
periphery of the nucleus. In addition to these there are similar 
darkly staining particles scattered within the nucleoplasm 	The 
nuclear membranes are ill-defined. 
The fibrous layer adjacent to the epithelium as well as 
its extensions into the latter appears homogeneous and electron 
dense with no signs of the definite arrangement seen in similar 
electron micrographs of meat fed flies (fig.. 19: A). The main 
body of the tendon is also homogeneous with more electron dense 
material which may be chitin. 
Flies deprived of their medial neuro-secretory cells. 
The electron micrographs of two weeks old flies deprived 
91. 
of their medial neuro-secretory cells (fig. 29: A) are very 
similar to those of 75 - 80 days old flies (fig. 22: A) and 
differ markedly from meat fed flies (figs. 19: A, 20: A,8 90. 
The epithelial cells in this group of flies are disorganized, 
the nuclei are heterochromatic and irregular showing large 
peripheral masses of chromatin material and small but distinct 
nucleoli, The nuclear membranes are ill-defined, The major 
portion of the cell is occupied by microtubules which appear 
normal in their own structural details and distribution, However, 
between microtubuies there are non-membrane bound spaces very 
similar to those seen in the 75 - 80 days old flies. 	Similar 
spaces also appear around the nuclei and in the marginal regions 
of the cells where the microtubules are normally sparse. 
The profiles of rough endoplasmic reticulum are rare 
as are other cell organelles such as mitochondria and zibosomal 
granules which are normally concentrated either along the cell 
margin or between fascicles of microtubules. 
Furthermore, the resilin tendon itself differs from 
that of the meat fed fly. The fibrous layer as well as its 
extensions into the epithelium appear partly disorganized and 
there are differences in the electron densities of the. two 
components that go to form the main body of the tendon. The 
more electron dense chitin appears to be present in, a greater 
proportion than the electron opaque protein resilin. 
Digging flies 
Electron micrographs of flies kept digging for 12 - 18 
92. 
hours after emergence show the greatest developmental anomalies.( 1t 3° 
The ultrastructural details of both the epithelium and the resilin 
tendon are very similar to those of the group IV pupae (Chapter 
III fig. 16: A), which are nearly ready to emerge, but have very 
little resemblance to the electron micrographs obtained from 
meat fed flies of approximately the same age group (fig. 19; A), 
In all sections examined from digging flies the 
cytoplasm between microtubules is full of ribosomal granules 
and scattered profiles of ].ysosome-like bodies, The rough 
membranes of the endoplasmic reticulum and their cisternae are 
rare. The lateral plasma membranes between adjacent cells are 
well marked and ribosomal granules are also distributed along 
these membranes. In contrast the epithelium on the midrib side 
of the tendon contains membranes of the rough endoplasmic 
reticulum, cisternae and free ribosomal granules. A few scattered 
and partly disorganized mitochondria are also seen unlike on 
the resilin side, 
The nuclei are regular, heterochromatic with a 
peripheral patchy distribution of the chromatin, The nuclear 
membranes are well defined and are surrounded by ribosomal granules.. 
The structure of the resilin tendon is itself 
remarkable. The fibrous layer and its extensions into the 
epithelium and tendon are less electron dense. The hemidesmosomal 
junction between the epithelium and the tendinous invaginations 
appear very feebly defined although the microtubules are somewhat 
93.. 
better organized and are seen to extend in the direction of . the 
hemidesmosOmea, to which they are attached. The fibrous region 
of the tendon contains patches of electron dense material very 
similar in appearance to those seen in the tendon of a group 
IV pupae (fig. 16: A). The major portion of the tendon appears 
homogeneous without the usual differentiation into the protein 
resilin and chitin components which is usual for tendons of this 
age (Chapter II figs. 19: A, 20: A,B). 
Discussion 
The observations described in this chapter are 
complementary to those discussed in Chapter IV, The electron 
micrographs illustrated in this chapter are most clearly understood 
in terms of the hormones and substrates which have been shown 
to bring about changes in the amount of pro-resilin synthesized 
and deposited as resilin by the epithelial cells; 
In flies deprived of their medial neuro-secretory 
cells, the resilin tendon seems to have gone through the normal 
course of early post-imaginal development as both the resilin 
tendon and the epithelium show normal imaginal structures; This 
is expected since in these flies the operation was performed when 
the flies were 2 - 4 hours old and presumably by then the medial 
neuro-secretory cells had been activated. The further deposition 
of the resilin is suppressed by removal of the medial neuro-
secretory cells. Neither the extent of this proposed suppression 
nor the rapidity with which it is brought about when the medial 
neux'o-secretory cells are removed can be precisely determined from 
94. 
• 	these results. From the ultrastructural details, however, the 
effect does not appear to be immediate. The process of ageing 
appears to be in progress already as this is clearly correlated 
with changes taking place in the epithelium and in the fibrous 
layer of the tendon. The heterochrothatLc nucleus at this stage 
may indicate senescence associated with the dissolution of the 
epithelium and also of the tendon. 
The total lack of adult development in the , digging 
flies lends further support to the idea of sequential hormone 
and nervous control in the growth and deposition of the resilin 
tendon. In these flies there is a direct suppression of the 
major synthetic processes leading to the formation of the adult 
type of tendons some stimulus associated with the process of 
expansion or tanning appears to be necessary, for the change from 
the group IV pupae to the 1 day old flies (Chapter III figs. 
16; A, 17: A,B). This change is very dramatic and takes place 
very rapidly after normal expansion and hardening. 
In the surgarjed flies the situation appears different 
from the other two groups. In these flies, there is a total 
or nearly total absence of ribosomal granules and instead there 
is a dense distribution of glycogen-like particles. The absence 
of ribosomal granules is not surprising and is due to the failure 
of protein synthesis following the lack of meat in the diet, and in 
this case even if the hormones are produced there will be no 
substrate to act upon. The presence, of a high concentration of 
glycogen within the epithelium is difficult to explain. It may 
95. 
be that hormonal or dietary deficiency leads to the accumulation 
of glycogen within the epithelial cells. However, this 
explanation seems unsatisfactory in view of the ultrastructure 
of the restlin tendon which is very nearly the same as that 
seen in a very old fly (Chapter III, fig. 22: A) and is quite 
unlike that seen in the digging flies or that of a group IV 
pupae (Chapter III fig. 16.; A), thus in the sugar fed flies 
it seem reasonable to assume that after the rearrangement of the 
already present chitin and protein, further deposition of resilin 
and possibly of chitin is largely suppressed. Simultaneously 
with this rearrangement within the tendon, the ribosomal 
granules usually found in the day old flies (Chapter III fig.. 
17: A) must have disappeared after the initial synthesis of pro-
resilin had taken place., It also seems likely that in the two 
weeks old sugar fed flies the resilin tendon has started to be 
reabsorbed which would account for the similarity of its 
appearance to that of the very old flies (Chapter III fig. 23: A). 
Explanation of figures 
Sugar fed flies (2 weeks old flies) 
Fig. 28: A 	A slightly oblique section of the epithelium 
(Epi) adjacent to the p].eurotergal resilin tendon 
(RT). This should be compared with !ias. 191 A s  
29;. A and 30; A and Shove fibrous layer (FL), 
microtubules (NT), nucleus (0) chromatin (Ch), 
membrane bound spaces indicated by solid anon, 
and possibly glycogen indicated by hollow arrows. 
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Explanation of figures 
-. tinc flies (2 weeks old) 
Fig. 29: A 	Slightly oblique section through the epithelium 
(Epi) adjacent to the rasilin tendon (RT) of a 
2 weeks old fly deprived of its medial neuro-
secretory cells. This should be compared with 
Figs. 19: A s 22: A and shows fibrous layer (FL), 
heinidesmomomas (H Des), chromatin (Cli), nucleus 
(N) and iaicz'otubulee (tT). 	Arrows indicate 
dissolution taking place within the epithelium 




Explanation of figures 
Flies kept digging (10 days old Lii..) 
Fjg.30: A 	Longitudinal section of the epithelium (Epi) 
adjacent to the riesilin tendon (RT). This should 
be compared with Figs. 16; A t 19: A, 29: A. 
Note the resemblance of the remilin tendon with 
that of the mature pupa (Fig. 16: A). Note 
also the poorly formed interdigitetion between 
the fibrous layer (FL) and the plasma membrane 
of the epithelium (Epi) indicated by large 
arrows. The small arrows indicate the lateral 
plasma membrane. Chromatin (Ch), nucleus 00 9 
lysosoine-like bodies (Ly) miorotubulee (MT). 
x 25,000. 
rig. 30: B 	Epithelium (Epi) adjacent to the midrib region 
(Mr) of the r'.milin tendon (&T). 	Mitochondria 
(Mi), rough andoplasmic reticulum (RER) and a 
nucleus (N) are shown. x 19,000. 
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General discussion and conclusion. 
In view of the fact that a discussion is given at the 
end of each chapter I am only making a brief analysis of the 
overall findings. 
The presence of structural differences in the muscle 
cuticle junctions of the two types of cuticle considered here 
suggests that there may be further, differences in similar junctions 
in other mechanical systems. In the.pectinate muscle junctions 
of the locust leg there may be a different type of junction to 
that already described by earlier workers (Aitber, 1963; Bouligand, 
1962; Caveney, 1969; Shafiq, 1963; Lai - Took, 1967). 	Further 
within the blow-fly itself there is no evidence to exclude the 
possibility of a third type of junction when the muscle is 
attached to non-elastic tendons. 
Evidence from the present study also suggests that 
the basic architecture of the cuticle may differ from a simple 
Bouligand pattern to a more complicated arrangement of the 
microfibres depending on the mechanical conditions; Thus a 
further comparative study of such muscle-cuticle junctions seems. 
necessary before any generalizations can be made either on the 
architecture of the cuticle itself or on muscle-cuticle junctions; 
The growth and deposition of the resilin tendon is of 
interest. From the experiments carried out in this study it is 
evident that the observed change in weight of the cuticle is to 
a large extent dependent upon the composition of the protein part 
of the cuticle and not upon the 'chitin' component. This suggests 
97.. 
that there is a protein flux both in the adult and larval stages 
when deposition and growth of the new cuticle is taking place. 
Similar observations have been made £ or the bug Rhodnius prolixus 
by Bennet - Clark (unpublished results). 
The findings on the development of the reslin tendon 
in experimental flies are suggestive. There is evidence that 
the sequencing of cuticutar synthetic processes is associated 
with the mechanical and chemical processes of eclosion. It seems 
reasonable to assume that these events are under the control of 
the endocrine and nervous systems. In the absence of the 
appropriate hormonal and nervous signals, the developing 
individual enters stasis, a condition from which nearly normal 
development may be resumed by providing suitable conditions, 
This is evident from transplant experiments carried out . in this 
study and elsewhere (Thomsen, 1952; Thomsen and Moller, 1963). 
It is also apparent from the effects of a change in the diet. 
It is probable that a deficient diet itself may hold the animal 
in stasis. In this context it appears that the delay in adult 
emergence in chilled blow-fly pupae is due to a temporary stasis. 
That this is so is seen by the fact that eclosion takes place in 
chilled pupae within 24 hours of resumption of normal conditions 
of temperature and light (Chapter II). These observations may 
be compared with observations made by earlier workers on Drosophila 
eclosion rhythms (Harker, 1964; Pittendrigh and Minis, 1964). 
It appears that growth and development of insects is 
controlled by a sequential series of signals which may be 
98. 
interrupted naturally or experimentally. When this interruption 
occurs, the effect is to safeguard the arrival from untimely 
and lethal development. While the adaptive nature of these 
safeguards is clear, the pathways by which they are mediated 
are, for the most part, unknown. 
99. 
Summary 
The work described in this study considers the following 
aspects of the elastic tendons in Diptera especially in 
çalliphora erythrocephala. 
3.. A comparative distribution of the elastic cuticle 
in the mesothorax was studied in 3 different Dipterans with 
varying flight abilities • A correlation between the distribution 
of resilin and flight abilities is shown to exist. ThereLs 
very little resilin in Tipulids which are poor fliers but there 
is an increasing amount associated with both muscles and hinge 
joints in Syrphids and Calliphorids which possess greater control 
and speed of flight. 
The type of attachment of muscle to cuticle depends 
on the type of cuticle involved. It appears that the type of 
attachment to soft cuticle is adapted to spreading the mechanical 
load of the muscle over the cuticle. 
The development of the elastic tendon has been studied 
at the ultx'astructural level. A correlation exists between 
the state of development of the resilin tendon and its epithelium 
and the changes with age in the frequency and other powers of 
flight observed by earlier workers.. 
14. The relationship between the development of the 
cuticle and endocrine system has been investigated experimentally. 
The quantitative data obtained suggest that the growth of the 
elastic cuticle is under hormonal control especially from the 
medial neuro-secretory cells. 
100.. 
5 • Elastic tendons examined at the ultrastructural level 
from flies in an abnormal endocrine state showed that development 
of the elastic cuticle may be suppressed either wholly or partly. 
6. Experiments were also designed to examine the types 
of signal involved when one phase of development passes into the 
next. The quantitative data and electron micrographs obtained 
from these experiments Suggest that there is a series of positive 
signals in the absence of which the developing individual enters 
stasis. This stasis may ,occur at the end of pupal development 
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